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L-4 oxalysine (OXL) 1S an antimetabolite antibiotic 
which has been shown to have antitumor effect on solid tumors and 
immunomodulatory activity. In this study, OXL at non-cytotoxic 
concentrations potently 
to 
inhibi ted the mi togenic responses of 
concanavalin A, phytohaemagglutinin, mouse splenocytes 
lipopolysaccharide and dextran sulfate. However, OXL did not 
affect the delayed type hypersensitivity (DTH) respo~e, 
production of plaque forming cells against sheep red blood cells 
(SRBC), effector functions of macrophages and the production of 
interleukin-2 (IL-2) from OXL-treated mice. This suggested that 
OXL did not exhibit significant modulatory activity on either 
humoral or cell-mediated immune . responses of m1ce under the 
prescribed experimental conditions of the present study. OXL at 
subtoxic doses also exhibited significant inhibitory effect on 
the growth of various tumor cells in vitro, but not in vivo. 
These suppressive effects on mitogen-induced lymphoproliferation 
as well as in vitro growth of tumor cells imply that OXL exerts 
a direct inhibitory effect on the proliferation of rapidly 
dividing cells. Although the exact mechanism 1S still obscure, 
OXL seems to interfere with the later events of cell division, 
since the mitogen-induced lymphoproliferation was markedly 
depressed even when OXL was added 36 hr after the initiation of 
culture. Within the first 24 hr of culture, this inhibitory 
effect was readily reversible when OXL was removed. 
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Luffaculin (LFC), a glycoprotein recently isolated from 
the seeds of Luffa acutangula of the family of Cucurbitaceae, has 
been found to exhibit both abortifacient and protein synthesis 
inhibitory activities. In the present study, the protein at non-
cytotoxic concentrations inhibited both T and B cell rnitogen-
induced lymphocyte transformation 1n a dose-dependent manner. 
Moreover, a significant decrease in the 1n vitro effector 
functions of macrophages, such as cytosta tic and phagocytic 
activities, was observed after preincubation with LFC. The 
induction of a DTH response and the production of plaque for~ing 
cells against SRBC were markedly suppressed after a single 
injection of a nontoxic dose (micrograrn quantities) of LFC into 
mice. Likewise, the production of IL-2 from splenocytes of LFC-
treated mice was also significantly depressed. In addition, LFC 
exhibited selective inhibitory effect on the growth of various 
turnor cells of different origins, wi th PU5-l.8 and JAR cells 
being more sensitive whereas MBL-2 and L929 cells being less 
responsive. Rat hepatoma H35 cells were relatively resistant to 
the cytostatic effect of LFC as compared to other turnor cells, 
especially at lower concentrations of the protein. The PUS-l.8 
cells were more sensitive to this protein, but no direct 
cytotoxicity was observed against the other turnor cells. It 1S 
worth noting that trichosanthin (TCS) f which was used as a 
positive control in the present study, exerted immunosuppressive 
and cytostatic activities with a potency similar to that of LFC. 
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Chapter 1 Introd~ction 
1.1 General Properties of Oxalysine 
1.1 '.1 Chemical Structure and Properties 
L-4 Oxalysine is a naturally occurr1ng am1no acid 
derivative first isolated as an antimetabol~c antibiotic in the 
late 1950s. It is a fine white needle-shaped crystal, identified 
as 2-amino-3 (is-amino-ethoxyf prop10n1C acid in the form of 
hydrochloride salt with a molecular weight of 184.5 Bao et 
al.,1981 ). The chemical structure of oxalysine 1S shown in Fig 
1.1.1. It has a melting point of 221-222°C and 1S very soluble 
in water, but not methanol and ether. During the late 1970s, 
apart from its antimicrobial activity, oxalysine was found to 
have antitumor activity against solid tumors by Chinese 
scientists Yue et al. ,1979 ). Studies on the biological 
properties of oxalysine were then carried out mainly in mainland 
China and is now still under investigation. 
Fig 1.1.1 
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~.1.2 Biological Properties 
1.1.2.1 Antimicrobial Activity 
L-4 Oxalysine exhibits inhibitory eftect on the growth 
of a wide spectrum of bacteria and fungi, and 1S especially 
sensitive to certain strains of yeasts (as shown in Table 1.1.1). 
Its antimicrobial activity can be reversed by L-lysine, which 
acts · as an antagonist ( Lu et al.,1988 ). 
Many antimicrobial agents are effective only a~_ter 
penetration into the cell body of an organism. Recently, in order 
to improve the penetrating efficiency of oxalysine into the 
clinical important pathogen Candida albicans, oligopeptides 
containing oxalysine were designed and synthesized according to 
the concept of illicit transport and peptide transport 
specificities of c. albicans. The results indicate that some of 
the oligopeptides thus synthesized indeed show higher activities 
determined as molar minimum inhibitory concentration than that 
of free oxalysine ( Lu et al.,1988 ). However, the mechanism by 
which oxalysine interferes with the cellular components of the 
organism remairis to be elucidated. 
1.1.2.2 Antitumor Activity 
Yue et al. (1979) first reported that L-4 oxalysine when 
administered intraperitoneally was very effective in inhibiting 
the growth of several solid forms of experimental turnors 
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Table 1.1.1 Antimicrobial spectrum of L-4 oxalysine 
Strain Minimum inhibitory conc. (ug/ml)* 
Candida albicans 50 50 
Candida tropicalis 6.3 
Candida Kruseia 46 100 
Candida parakursei 1.6 
Kloeckeria brevis Y-915 6.3 
Saccharomyces cerevisiae 1259 <0.8 
Saccharomyces sake <0.8 
Torula sp. 100 
Geotrichum candidum 6.3 
Penicillium chrysogenum >100 
Asper~illus niger >100 
Aspergillus flavus >100 
Aspergillus fumigatus >100 
Sporotrichum schenckii >100 
Bacillus subtilis 6633 >100 
Escherichia coli 50 >100 
Sarcina lutea 6.3 
* Minimum inhibitory conc. was determined by the agar dilution 
method. Incubation period for fungi and bacteria was 48 hr and 
24 hr respectively ( Zhang et al.,1979 ). 
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including Sarcoma 180, Ehrlich Ascites tumor, melanoma, Sarcoma 
37 and murine brain tumor-22 (B-22). This group of investigators 
further studied the therapeutic action of oxalysine on murine 
brain tumor-2.2 (B-22) with different routes of administration and 
different schedules of treatment. They found that when the drug 
was injected intravenously, intraperitoneally, intragastrically 
or intramuscularly at a dosage of 1-1.5g/Kg body weight, a marked 
tumor inhibitory effect was observed Yue et al. ,1980 ). 
Oxalysine was also found to have definite antimetastatic ~ffect 
on Lewis Lung carcinoma in mice ( Yue et al.,1985 ). Moreover, 
clinical studies have demonstrated that oxalysine has activity 
against metastatic liver carcinoma and a decrease 1n serum GPT 
level was observed in some of the patients with liver carcinoma 
( Xu, 1980; Xu et al.,1980 ). 
The antitumor effect was shown to have reduced 
significantly when lysine was administered simultaneously with 
oxalysine, suggesting an antagonistic action on lysine metabolism 
by oxalysine ( Yue et al. ,1979 ). Further studies indicated that 
oxalysine reduced the fibrinogen content in mice bearing solid 
tumor B-22 to normal level, and lysine again antagonized this 
fibrinogen-lowering effect of oxalysine ( Yu~ et al. ,1982 ). Thus 
the anti tumor activi ty of oxalysine on solid turnors may be 
associated with its inhibitory action on fibrinogen synthesis, 
since the fibrin lattice network plays an important role in the 
growth of solid tumors ( Poggi et al.,1977 ). 
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,1.1~~ Immunomodulatory Activity 
It was demonstrated that oxalysine was capable of 
potentiatin~ both humoral and cell-mediated immunological 
responses in experimental mice Li et al., 1987 ). Oxalysine 
intraperi toneally or intragastrically administered to mice at the 
dosage of 100 mg/Kg body weight caused a marked increase in serum 
complement CJ1 spleen plaque forming cells, serum hemolysin as 
well as IgG levels. In addition, oxalysine administered at the 
dosage of 50 and 100 mg/Kg intraperitoneally for 3 days or 
intragastrically at 100 mg/Kg for 5 days promoted the 
incorporation rate of 3H- TdR into spleen lymphocytes but showed 
no direct stimulating effect on lymphocyte blastogenesis ln 
vitro. When sensitized with an appropriate concentration of SRBC, 
oxalysine also elevated the SRBC-induced delayed type 
hypersensi tivi ty response ln experimental mice. However, no 
effect was observed after oxalysine treatment on the phagocytic 
activity of murine macrophages. 
1.1.2.4 Other Biological Properties 
L-4 Oxalysine was found to be effective in lowering the 
serum glutamate-pyruvate transaminase (SGPT) level in both acute 
and subacute toxic hepatitis induced with carbon tetrachloride 
in mice ( Li et al. ,1979 ). Pathological examination also showed 
that the degeneration and necrosis of liver cells were protected 
by the administration of oxalysine. The mechanism of SGPT-
lowering was found to be a lowering of hepatic enzyme activity. 
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No direct inhibition on the activity of both liver and serum GPT 
was observed in vitro, and the transaminase-lowering effect o~ 
oxalysine could not be an tagonized by simul taneous adminis tra tion 
of L-lysine., ... Clinical trials also showed that administration of 
oxalysine significantly lowered the SGPT level of chronic 
hepatitis patients and an improvement of liver function as well 
as liver blood flow in the patients was observed ( J:. ~ If At 1Jz. 
Ft ;t 1vit 'n. t~ 1r J.l tI,~ '* JL ,1980 ). 
1.1.3 Pharmacokinetics and Toxicity 
Yue et al . (1980) have studied the absorption, 
distribution and excretion of 3H-oxalysine in mice. Following a 
single intravenous or intragastric injection of 200 mg/Kg of 3H-
oxalysine, the 3H content was found to be the highest ln the 
liver and kidney. The radioactivity was excreted mostly ln the 
urine, about 63% of the injected dose could be detected within 
24 hours. 
In an acute toxicity test, dogs intravenously injected 
with oxalysine 200-400 mg/Kg showed no significant changes in 
blood parameters, ECG, liver and kidney functions. No toxic 
reaction " was observed when a monkey was given oxalysine at a 
dosage of 100 mg/Kg ( Yue et al.,1979 ). Mice were also tested 
for the acute LD50 of a single dose of oxalysine administered via 
different routes. The LD50 for intraperi tonael, intravenous I 
intramuscular and intragastric administration was 1.96 ± 0.44, 
1.79 ± 0.02, 2.33 ± 0.48 and 1.55 ± 0.14 g/Kg respectively, 
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ipdicating that the route of administration does not greatly 
affect the value of LDSO for oxalysine { Yue et al. ,1980 }. The 
subacute LDSO of oxalysine in mice intraperitoneally treated for 
7 days was 2~9 ± 43 mg/Kg, which was much lower than the value 
of acute LDSO. This suggests that oxalysine may have accumulative 
toxicity in experimental animals ( Li et al.,1979 ). 
Although many antineoplastic agents are themselves 
mutagenic or carcinogenic, oxalysine was shown to have no effect 
on sister chromatin exchange (SCE) induction (Huang et al. (1983). 
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1.2 General Properties of Ribosome-Inactivating and 
Abortifacient Proteins 
1.2.1 Research Hist~ 
1.2.1.1 Ribosome-Inactivating Proteins (RIPs) 
It has been known for many years that some plants 
contain toxic proteins, e.g. abrin and - ricin (isolated from the 
seeds of Abrus precatoricus L. and Ricinus communis L. 
respectively) are two of the first toxic 'proteins of which the 
properties were extensively studied in the late 19th century by 
many workers. Experiments with cells in culture have shown the 
earliest demonstrable effect of the toxins is inhibi tion of 
protein synthesis (Lin et al.,1970). The mechanism of inhibition 
has also been extensively studied and found to be related to the 
inactivation of eukaryotic ribosomes (Olsnes et al. ,1974). These 
toxic proteins are composed of two subunits: an A (active) chain 
which catalytically inactivates ribosomes and a B (binding) chain 
having lectin properties wi th a binding preference for galactose. 
However, single-chain proteins having A chain only, e.g. gelonin 
and pokeweed antiviral protein (PAP), have also been isolated 
from plants. It may then be said that these ribosome-inactivating 
proteins (RIPs) are present in plants sometimes as single-chain 
. .. 
proteins, sometimes associated with a carbohydrate-binding 
protein. Ready et al. (1984) suggested that in the evolution 
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process, the gene coding for the toxic proteins 1n some plants 
might have fused with the gene for some sort of sugar-binding 
proteins, resulting in toxins of two different types. Barbieri 
and Stirpe -.. (1982) proposed to designate those single-chain 
proteins as type 1 RIPs, and those consisting of both A and B 
subunits as type 2 RIPs. In fact, type 1 RIPs appear to be more 
frequent 1n nature than type 2 RIPs. 
It has been demonstrated that type 1 RIPs or the A chain 
of type 2 RIPs when conjugated to antibodies, lectins or hormones 
are specific for killing certain tumor cells (Olsnes, .1981; 
Thorpe and Ross, 1982). This prompted many investigators to look 
for new toxins, and the isolation of more RIPs from different 
families of the plant kingdom was then reported. 
1.2.1.2 Abortifacient Proteins . 
The research history of abortifacient proteins can be 
traced to the use of Tian Hua Fen as a medicinal ingredient 1n 
ancient China. 
Tian Hua Fen (THF) , the root tuber of the Chinese 
medicinal herb Trichosanthes kirilowii Maxim. of the 
Cucurbitaceae family, was mentioned in the classic medical 
reference in China, Compendium of Materia Medica, written by Li 
Shi-Zhen in the late 14th century as a drug to reset menstruation 
and to expel retained placenta. The prescription which contains 
THF and seven to eight other Chinese herbs has been used until 
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recently for abortifacient purpose (Wang et al·,1986). 
In the early 70s, the active component of THF for 
abortion was " isolated and identified to be a protein named 
trichosanthin (TCS) (Wang, 1985). Since then, proteins from 
members of the Cucurbitaceae family and some other families were 
also isolated and found to have abortifacient activities ( a and 
g-momorcharin: Yeung et al. ,1986; g-trichosanthin: Yeung et 
al.,1987a; momorcochin: Yeung et al. ,1987b; proteins from 
Phytolacca acinosa: Yeung et al. ,1987c; luffaculin: Yeung et 
al.,1991). It suggests that abortifacient proteins may be wid~ly 
distributed in the plant kingdom and not only restricted to the 
Cucurbitaceae family. 
1.2.2 Relationship between Ribosome-Inactivating Proteins and 
Abortifacient Proteins 
Studies on the structural, physicochemical and some of 
the biological properties revealed that there are many 
similarities between abortifacient proteins and type 1 ribosome-
inactivating proteins. They are all basic proteins (pI ) 8.5) 
with a single polypeptide chain. They have a molecular weight of 
around 23,000-32,000 and most of them are glycoproteins. Zhang 
and Wang (1986) have reported that the sequences of ricin A chain 
and TCS exhibit a strong homology. Of great significance is that 
abortifacient proteins ' also show ribosome-inactivating properties 
by inhibiting protein synthesis in cell-free reticulocyte lysate 
( Maraganore et al. / 1987; Wang et al. ,1987; Yeung et al. ,1988). 
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In a study on the identity of abortifacient and 
ribosome-inactivating proteins, Yeung et al. (1988) have 
demonstrated that the ribosome-inactivating proteins saporins, 
PAP and, to a ·"lesser extent gelonin, have abortifacient activi ty 
in pregnant mice. There is a good correlation between the 
abortifacient activity and protein-synthesis inhibitory activity 
of the proteins tested. They suggested that all RIPs may induce 
abortion through the same mechanism as TCS and other 
abortifacient proteins. 
It is now recognized that abortifacient proteins ~~re 
in fact single-chain ribosome-inactivating proteins or type 1 
RIPs. Accordingly, I will deal mainly with type 1 RIPs in this 
thesis. Sometimes, the term "ribosome-inactivating and 
abortifacient protein" 1S used just to highlight the dual 
identities of the cited protein .. 
1.2.3 Distribution 
RIPs are widely distributed throughout the plant kingdom 
and can be present in different parts of the plant ( Roberts and 
Selitrennikoff, 1986; Barbieri and Stirpe, 1982; Gasperi-Campani 
et al.,1985 ). The families which have been screened to have 
ribosome-inactivating protein-like activities included 
Phytolaccaceae, Euphorbiaceae, Rhamnaceae, Cucurbitaceae 
Gasperi-Campani et al.,1980 ), Caryophyllaceae, Gramineae, 
Liliaceae, Leguminosae, Loranthaceae ( Stirpe and Barbieri, 1986 
) , Amaranthaceae, Amaryllidaceae, Araceae, Araliaceae, 
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Caryophyllaceae, Chenopodiaceae, Hagnoliaceae, Moraceae, 
, 
Papaveraceae, Pinaceae, Polypodiaceae, Compositae, Cruciferae, 
Geraniaceae, Labiatae, Rosaceae, Rutaceae, Solanaceae and 
Umbelliferae ,.J Gasperi-Campan~ et al., 1985 ). These proteins 
could be identified in seeds, roots, leaves, fruits, lattices and 
saps of plants and were frequently present at very high 
concentrations f e. g. 2-300 mg protein/lOO g plant tissue 
Barbieri and Stirpe, 1982 }. Although the distribution of RIPs 
was quite irregular, they seem to be abundant in the seeds of 
Caryophyllaceae, Cucurbitaceae, Euphorbiaceae and Phytolaccaceae 
( Gasperi-Campani et al.,1985; Stirpe and Barbieri, 1986 ). The 
function of ribosome-inactivating proteins ln plants may be 
related todefense against parasites or regulation of protein 
synthesis ( Coleman and Roberts, 1982 ). 
1.2.4 Physicochemical Characteristics 
Ribosome-inactivating and abortifacient proteins are 
type 1 RIPs, having single polypeptide chains with a molecular 
weight generally in the range of 28,000-31,000 and show very 
similar physicochemical properties. They are basic proteins with 
pIs usually ranging between 8-10 (Barbieri and Stirpe, 1982). 
Many of them are glycoproteins: neutral sugars including glucose, 
mannose, fucose or xylose normally constitute about 5% of the 
molecular weight of these proteins but- in some case this value 
may be 30% or greater ( Barbieri and Stirpe, 1982; Stirpe et 
al.,1983 ). However, RIPs containing little or no carbohydrate 
have been isolated from some plants, e.g. pokeweed (Barbieri et 
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al.,1982}, soapwort stirpe e~ al .. , 1983 and members of the 
, 
Cucurbitaceae family (e.g. TCS: Yeung et al. ,1987d), thus 
indicating that the carbohydrate component does not seem to play 
a major role in the ribosome-inactivating activity . 
.. .. ... ~ 
RIPs from different sources usually do not share 
antigenic determinants whereas closely related plant species may 
have RIPs containing similar antigenic si tes Reisbig and 
Bruland, 1983; Falasca et al. ,1982 ). Moreover, some RIPs contain 
a significant amount of half-cystine whereas others contain none 
Roberts and Selitrennikoff, 1986 ). 
These proteins appear to be fairly stable. They survive 
prolonged storage, repeated freezing and thawing and are 
resistant to inactivation by urea or low pH, and degradation by 
a number of proteases Reisbi9 and Bruland,1983 -; Stirpe et 
al. , 1 9 8 0; ·1 9 8 3 ). 
1.2.5 Biological Properties 
1.2.5.1 Effect on Protein Synthesis 
Type 1 RIPs inactivate eukaryotic ribosomes and inhibit 
protein synthesis in a manner similar to the A chain of type 2 
RIPs. These proteins, lacking a lectin subunit, have much less 
effect on whole cells since they cannot penetrate intact cells. 
Thus a cell-free system 1S conveniently used to detect the 
activity of any RIPs. A lysate of rabbit reticulocytes or an S-10 
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lysate of Ehrlich ascites cells provides a convenient and 
economical system for routine assays (Barbieri and Stirpe, 1982). 
The -mechanism of protein synthesis inhibition by RIPs 
has been intensively studied. RIPs act on eukaryotic ribosomes 
to inhibit polypeptide chain elongation ( Barbieri and Stirpe, 
1982 ). The site of RIP attack is the 60S ribosomal subunit 
Obrig et al.,1973; Reisbig and Bruland, 1983 and the 
consequence of inactivation is that the subunit no longer binds 
the elongation factor 2 effectively and thus polypeptide chain 
translocation ceases ( Montanaro et al. ,1973; Obrig et al. ,1973; 
Sperti et al.,1973; Barbieri and Stirpe, 1982 ). RIPs inactivate 
ribosomes in a less than equimolar ratio, suggesting a catalytic 
mode of action ( Barbieri and Stirpe, 1982 ). 
Until recently, the study on rlCln revealed that the A 
chain of this type 2 RIP is a highly specific N-glycosidase which 
inactivates ribosomes by hydrolyzing a single N-glycosidic bond 
between adenine and ribose at .a specific nucleotide (A-4324) of 
the 28S ribosomal RNA in the ribosomes ( Endo et al. ,1987a; 1987b 
). Further obseryations were extended to the other type 1 and 
type 2 RIPs ( Endo e~ al.,1988; Stirpe et al. ,1988 ), suggesting 
that glycosidase activity is the general mechanism of plant RIP 
action. 
1.2.5.2 Effect on the Immune System 
It appears that RIPs might have an immunomodulatory 
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a~tivity since they exhibit higher toxicity to macrophages and 
lymphocytes than other cells. The effects of PAP and momordin 
Spreafico et al.,1983 ) and of gelonin ( Descotes et al.,1985 
on various form.s of the immune responses were studied. These RIPs 
all exerted a strong inhibi tory effect on the production of 
antibody-secreting cells in response to the administration of 
a T-dependent antigen, with no (PAP and momordin) or less effect 
(gelonin) on antibody formation against a T-independent antigen. 
They also reduced the mitogenic responsiveness of murine 
splenocytes and significantly delayed the rejection of skin 
allografts in mice. Administration to mice of PAP, but not of 
momordin, reduced spleen NK cell-mediated cytotoxicity. Similar 
effects can be obtained after administration of gelonin. 
TCS, a .and B-momorcharin (Leung et al.,1986; Leung et 
al.,1987) have also been shown to exert immunosuppressive 
properties which reduced both humoral and a variety of cell-
media ted immune responses. However, the cytolytic acti vi ty of CTL 
and NK cells was unimpaired. Thus it 'can be assumed that all RIPs 
may have immunosuppressive properties, but the immunosuppressive 
activities of individual proteins are not totally non-selective. 
It was demonstrated that the immunosuppression was not a direct 
result of lymphocytotoxicity, but may be related to the 
inhibition of protein synthesis of immune cells, as suggested by 
Barbieri et al. (1980) for the immunomodulatory activity of Mcr. 
However, the precise mechanism of action remains to be 
elucidated. 
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1~2.5.3 Cytotoxic and Antitumor Activities 
The intrinsic differential toxici ty of RIPs against 
certain cell ,types led to the utilization of RIPs as cytotoxic 
agents. Promising antitumor effects have been obtained both in 
vitro and in vivo for ricin and abrin ( Lin et al_.,1970; 1982; 
Fodstad et al.,1977; 1978; 1980). In nontoxic doses, ricin and 
abrin were able to potentiate the cancerostatic effect of some 
anticancer drugs Fodstad and Pihl, 1980; 1982; Walker et 
al. ,1984 ). 
cells, 
Other RIPs also exhibited cytotoxicity on certain tumor 
for example, TCS was preferentially cytotoxic to 
choriocarcinoma, melanoma and other tumor cells Tsao et 
al.,1986 ). TCS could also inhibit the growth of a murine tumor 
cells MBL-2, both in vitro and in vivo ( Leung et al. ,1986 ). In 
addition, both TCS and MMC have been reported to exhibit 
cytostatic effect on various tumor cells ( Leung, 1986 ). 
RIPs may become selectively cytotoxic when conjugated 
form immunotoxins to antibodies, mainly monoclonal, to 
specifically toxic to the target cells of the antibody. These 
immunotoxins have shown a high degree of specifici ty and toxici ty 
against tumor cells 1n vi tro ( Thorpe et al., 1981; Masuho et 
al.,1982; Lambert et al.,1985 and are useful 1n the 
chemotherapy of cancer and parasitic diseases. They have also 
been used to remove T-lymphocytes ' from bone marrow heterografts, 
thus preventing the graft-versus-host reaction Filipovich et 
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al.,1984 ). 
1.2.5.4 Termination of Pregnancy 
TCS is the first ribosome-inactivating and abortifacient 
protein which has been applied externally as an abortifacient 
drug to induce mid-term abortion in humans Jin, 1985 ) and 
laboratory animals ( Chang et al. ,1979 ). However, other similar 
proteins, such as a- and B-momorcharins, B-trichosanthin, 
momorcochin and luffaculin, were also potent in terminating mid-
gestation in laboratory animals Yeung et al. ,1986; 19?_7a; 
1987b; 1991 . Recently, other RIPs such as saporins, PAP and 
gelonin have also been shown to have abortifacient activities in 
pregnant mice (Yeung et al., 1988). It seems that TCS induces 
fetal death and abortion by severely damaging 
syncytiotrophoblasts of the placental villi, of which the cells 
have a high pycnotic activity (The Second Laboratory, 1976). It 
is known that RIPs are particularly toxic to highly pycnotic 
cells such as macrophages (Descotes et al.,1985). Thus it was 
suggested that all RIPs might induce abortion through the same 
mechanism as TCS (Yeung et al. ,1988). 
Recent studies have been directed to the feasibility of 
applying the abortifacient proteins to the termination of early 
pregnancy Lin et al. f 1981; 1985; Tarn et al., 1985 ). The 
termination at an earlier stage has advantages of reducing the 
physiological and psychological burden on the mother in 
sustaining an unwanted pregnancy and to minimize the tissue 
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trauma which would otherwise incur in a late abortion. 
1.2.5.5 Antiviral Activity 
RIPs exhibit antiviral activity by inhibiting 
replication of a variety of both plant and animal viruses 
Barbieri and Stirpe, 1982; Stirpe et al.,1983 ). These proteins 
presumably enter more easily into virus-infected cells, either 
transported by the virions or because of the increased 
permeability of virus-infected cells ( Barbieri and Stirpe, 1982 
) ~ Once inside the cells I the proteins would inactivate the 
ribosome, thus inhibiting the synthesis of proteins, including 
viral proteins and hence preventing the release of infectious 
progeny. 
Recently, it was reported that TCS could inhibit HIV-1 
replication in both acutely infected T-lymphoblastoid cells .and 
in chronically infected macrophages ( McGrath et al.,1989 ). It 
is not clear whether TCS functions solely to abrogate protein 
synthesis in infected cells. In acutely infected cells, cellular 
protein synthesis was unaffected at concentration of TCS which 
elicited significant reduction in viral RNA and protein 
synthesis. Other potential mechanism by which TCS functions in 
blocking HIV-1 replica tion, then, should be considered, incl uding 
a direct action on viral RNA. Clinical trial of TCS on the 
trea tmen t of AIDS has been approved by FDA l.n U. S . A., and 
. '-
investigation is still under progress. 
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1.2.6 The Study on Luffaculin 
Luffaculin (LFC) , a glycoprotein wi th a molecular weight 
of 28,000 has recently been isolated from the seeds of the ridge 
gourd, Luffa acutangula, using a procedure involving acetone 
precipitation, ion-exchange chromatography on CM Sepharose CL-6B 
and gel filtration on Sephadex G50 Yeung et al. ,1991 ). It was 
found to be immunologically distinct from abortifacient proteins 
isolated from other members of the Cucurbi taceae family including 
.,,:- . ~ 
Momordica charantia, Momordica cochinchinensis, Trichosanthes 
kirilowii and Trichosanthes cucumeroides, although they have a 
gross similarity in amino acid composition. LFC is capable of 
inducing mid-term abortion in mice and inhibiting protein 
synthesis in a cell-free system which indicate that the protein 
exhibits both abortifacient and ribosome-inactivating activities 
( Yeung et al.,1991 ). 
In this thesis, the immunomodulatory as well as 
cytotoxic and cytostatic properties of LFC on various tumor cells 
were examined. 
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1.3 Aim of the Present Study 
1.3.1 Oxalysine 
L-4 Oxalysine has been shown to have antitumor activity 
against animal transplanted solid -\ tumors (Yue et al., 1979). 
However, with respect to our preliminary experimental results, 
oxalysine also exhibited definite inhibition on the growth of -
various tumor cell lines in vitro. This cytotoxic or cytostatic 
effect of oxalysine on tumor cells has scarcely been reported. 
Moreover, very few research has been done on the immunomodulatory 
effect of oxalysine, except for one suggestiong that at an 
appropriate dosage, oxalysine potentiates both humoral and cell-
mediated immune response mainly in vivo (Li et al., 1987). 
Since the immunomodulatory effect of a drug, for example 
the plant lectin concanavalin A, may be very different in vitro 
and in vivo (Stobo et al.,1972; Egan et al., 1974), the aim of 
the present study was to further investigate the antitumor and 
immunomodulatory effects of oxalysine using in vitro and in vivo 
assays. 
1.3.2 Luffaculin 
The ribosome-inactivating and abortifacient protein, 
luffaculin (LFC) , was isolated from the seeds of Luffa acutangula 
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, through s teps involving acetone prec ipi ta tion, lon exc h ang e 
chromatography on CM Sepharose CL-6B and gel filtration on 
Sephadex G50 (Yeung et al., 1991). It was capable of inducing mid -
term abortion in mice and inhibiting protein synthesis in a cell-
free system (Ng et al.,1989; Yeung et al. ,1991). As described in 
the previous section, many purified plant proteins having these 
properties might also exert immunosuppressive activity probably 
through a mechanism involving inhibition of protein synthesis. 
Thus the present study aimed at verifying if LFC 
exhibi ted any modulatory effect on murine humoral and c,ell-
mediated immune responses. In vitro experiments were also 
performed to test for the cytotoxic and cytostatic effects of LFC 
on various tumor cell lines, and the resul ts of which were 
compared with that of the well-studied ribosome-inactivating and 
abortifacient protein, TCS. 
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Chapter 2 Materials and Methods 
2.1 Materials 
Experimental Animals 
Inbred BALB/c ( H-2d ) and C57BL/6J ( H-2b ) IDlce were 
bred in the University Animal House, the Chinese University of 
Hong Kong. Female mice of the same age ( 6-10 weeks old) were 
used in all experiments. 
Normal Saline Solution 
A 0.9% solution of NaCl was prepared ln double distilled 
water (DDW). 
Phosphate-buffered Saline (P~~_ 
8.0 g NaCI, 0.2 g KC1, 1.15 g Na2HP04 and 0.2 g KH 2P04 
were dissolved ln 1000 ml DDW. The pH of the solution was 
adjusted to 7.2 and sterilized by autoclaving at 121°C for 20 
min. 
Hank's Balanced Salt Solution (HBSS) 
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One package of powdered Hank's Balanced Sal t (Sigma 
Chem. Co., V.S.A.) was dissolved in 1 litre of DDW containing 
0.35 g NaHC03• The pH of the solution was adjusted to 7.2 and was 
sterilized by _ .!nembrane fil tra tion. 
RPMI-1640 Medium 
RPMI-1640 powder (Sigma Chem. Co., V.S.A.) was 
dissolved in 1 li tre of DDW and supplemented wi th 2.0 g of 
NaHC03• The pH of the medium was adjusted to 7.2 - 7.4 and was 
sterilized by membrane filtration. This medium without any 
supplement other than 1% PSF, was usually used ln washing 
cultures and was designated as plain RPMI medium. 
Serum Supplements 
Foetal bovine serum (FBS) purchased from Gibco, U.S.A. 
was stored as 20 ml aliquots at -20°C until use. Heat-inactivated 
foetal bovine serum (HIFBS) was prepared by incubating the 
aliquots at 56°C for 30 min. FBS was usually used as a supplement 
to RPMI medium for cell cultures and the final conc. was normally 
10% ( unless otherwise stated). The RPMI medium supplemented with 
10% FBS and 1% PSF was designated as complete RPMI medium. 
Controlled process serum replacement-2 (CPSR-2) 
purchased from Sigma Chem. Co. (U.S.A.) was also used as a 10% 
supplement in RPMI medium. Since this serum supplement is low in 
mi togenic substances, it was mainly used ln lymphocyte 
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p~oliferation assays giving a low background stimulation. 
Penicillin-Streptomycin-Fungizone (PSF) 
Penicillin-Streptomycin-Fungizone solution was obtained 
from Gibco, U.S.A. Stock solution (100x) containing 10,000 
units/ml of penicillin G, 10,000 ug/ml of streptomycin sulfate 
and 300 ug/ml of fungizone was stored at -20°C as 5 ml aliquots. 
Trypan Blue Solution 
0.1% (W/V) trypan blue (Sigma Chem. Co., U.S.A.) ln PBS 
was used to stain dead cells and hence determine the viability 
of a cell population. 
Neutral Red Solution 
0.5% (W/V) neutral red (Sigma Chem. Co., U.S.A.) ln 
normal saline was used to stain viable cells. 
Congo Red Solution 
Congo red (Sigma Chem. Co., U.S.A.) was prepared as a 
0.87% (w/v) solution in PBS. 
Trypsin - EDTA Solution 
Trypsin - EDTA was purchased from Gibco, U.S.A. Stock 
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solution (lX) containing 0.05% trypsin and 0.53 mM EDTA - Na was 
stored as 2 ml aliquots at -20°C. It was used for trypsinization 
of cells so that adherent cells could detach from the plastic 
surface of culture flask. 
Mitogens 
Mitogens used ln the ln vitro cultures included 
concanavalin A (Con A) , phytohaemagglutinin (PHA) , 
lipopolysaccharide (LPS) and dextran sulfate (DS). They were 
purchased from Sigma Chem. Co., D.S.A. A stock solution in PBS 
( 1 mg/ml) was sterilized by membrane filtration and kept as 0.5 
ml aliquots at -20°C. 
Sodium Dodecyl Sulfate Solution (SDS) 
Sodium dodecyl sulfate (Sigma Chem. Co., D.S.A.) was 
prepared as 1% (w/v) solution in DDW. 
Ficoll - Paque Solution 
Ficoll - Paque solution was purchased from Pharmacia, 
Sweden. It was used for ln vitro lymphocyte isolation. 
Sheep Erythrocytes (SRBC) 
Sheep erythrocytes purchased from Serotec. Co., u. K. 
were washed three times wi th PBS before use. Generally, each 
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batch of sheep erythrocytes should be used within 3 months. 
Complement (C t ) 
Whole blood collected from guinea pigs by cardiac 
puncture was allowed to clot by standing at 4°C for 3 hr. The 
clear serum obtained was freed of red cells and debris by 
centrifugation. In order to remove the autoantibodies against 
sheep erythrocytes in serum, the serum was incubated with excess 
SRBC at 4°C for 30 min. After removal of SRBC by centrifugation, 
the serum was stored at -80°C as 1 ml aliquots. Complement 
activity was tested before use in experiments. 
Rat Growth Factor 
5xl06 splenocytes from Lewis rats (60-90 days old) ln 
complete RPMI medium (of 5% FBS) supplemented with 0.05 mM 2-
mercaptoethanol and 5 ug/ml Con A were incubated at 37°C in a CO2 
incubator for 48 hr. The supernatant was harvested by 
centrifugation at 300 x g for 10-15 mln at 4°C. Con A was 
absorbed by addi tion of swollen Sephadex G-IOO (0.4 g/100 ml 
supernatant) and shaken at room temp. for 3 hr. Sephadex was 
removed by centrifugation and the supernatant was sterilized by 
membrane fil tration. Rat growth factor was stored as 20 ml 




picol ini c ac id (PA) (Sigma Chem. Co., u. S . A.) was fr es h ly 
prepared in PBS (5 mg/ml). 0.5 ml of picolinic acid solution wa s 
administered i.p. into each BALB/c mouse having a body weight of 
25 g. 
Thioglycollate Broth 
A 3% thioglycollate broth was prepared by suspending 30 
g of dehydrated thioglycollate powder (Difco) ln 1000 ml cold 
distilled water and heated to boiling until the powder was 
completely dissolved. 10 ml aliquots of the broth in unive~sal 
bottles were autoclaved 1 kg/cm2, 121°C for 15 min ). They were 
protected from light by wrapping with tin foil and kept at room 
temp. for at least a month before use. 
Oxalysine Solution 
Oxalysine (OXL) was dissolved In plain RPMI medium to 
give a conc. of 3 mg/ml. After sterilization through membrane 
filtration, 3 ml aliquots were stored at -20°C until use for ln 
vitro assay. 
Ribosome-Inactivating and Abortifacient Protein Solution 
A solution of 1 mg/ml of each of the ribosome-
inactivating and abortifacient proteins in plain RPMI medium was 
prepared and sterilized through membrane fil tration. Protein 
conc. was determined by Folin - Lowry procedure (Lowry et al., 
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1 9,51). 1 m 1 a 1 i quo t s we res tor e d a t - 2 0 0 C un t i 1 us e for 1 n v t t !: 0 
assay. 
Cell Lines 
Various cell lines were used in this study. Murine cell 
lines such as PU5-1.8 (H-2d) (a macrophage-like cell line derived 
from BALB/c mice) and MBL-2 (H-2 b ) (a Moloney leukerrlia Vlrus-
induced T cell lymphoma of C57BL/6J mice) were maintained in 
vitro as suspension cultures in complete RPMI medium and ln V1VO 
by weekly intraperitoneal passage in syngeneic mice. 
YAC-1 (H-2 a) (a Moloney virus-induced T cell lymphoma of 
A/Sn mice), NS-1 (a non-secreting myeloma derived from BALB/c 
mice), WEHI-3B (a myelomonocytic leukemia cell line derived from 
BALB/c mice) and CTLL-2 (a cytotoxic T cell line derived from 
C57BL/6 mice) were also maintained ln vitro as suspenSlon 
cultures. YAC-1 was used as the target cell in natural killer 
cell assay and required a FBS of 15% in complete RPMI medium for 
normal growth. CTLL-2 which is a IL-2 dependent cell line was 
used in the IL-2 assay_ Its culture medium was constituted with 
60% complete RPMI medium and 40% rat growth factor. 
L929 (C3H mouse derived continuous fibroblasts) I H35 
(a rat heptatoma cell line) and JAR (a human choriocarcinoma cell 
line) were maintained as monolayer cultures in complete RPMI 
medium." 
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3H-Thymidine c )H-Uridine and 3H-Leucine 
1 mCi/ml of )H-thymidine, JH-uridine and 3H-leucine were 
purchased from· Amersham Co., U. K. 0.5 mci/ml stock solutions were 
prepared by diluting with an equal volume of plain RPMI medium 
and stored at 4°C. 10 uCi/ml working solutions of 3H-thymidine 
and 3H-uridine, and 20 uCi/ml of JH-leucine were prepared by 
diluting with the appropriate medium. For pulse labelling, 50 ul 
working solution was added to each culture well. 
Scintillant 
Scintillant was prepared by mixing 0.12 g of dimethyl-
1,4-bis(2-(5-phenyloxazol) )benzene (POPOP) and 12 g of 2,5-
diphenyloxazole (PPO) in 2 litres of toluene and was stirred 
overnight. To this solution, 1 litre of triton X-lOO was added 
and the mixture was shaken thoroughly before use. 
- 29 -
Methods 
2.2.1 In Vivo Drug Treatment 
Oxalysine and abortifacient proteins were dissolved in 
PBS to an appropriate conc. and injected intraperitoneally into 
the abdominal cavities of mice weighing 25 g. 
2.2.2 Isolation and Preparation of Cells 
2.2.2.1 Peritoneal Exudate Cells (PEC) 
Mice were killed by exposure to exceSSlve anaesthetic 
ether. The skin of the abdominal area was cleaned wi th 70% 
ethanol, cut and pulled apart. With a 20-gauge needle, 5 ml of 
ice-cold HBSS was injected into the peritoneal cavity. Gentle 
massage (with the needle in place) was performed with the thumb 
and forefinger to ensure maXlmum suspension of cells before 
collection. The peritoneal cavities of mice were lavaged three 
times and the harvested cells were washed with plain RPMI medium 
twice -before use. 
2.2.2.2 Spleen Cells 
Spleens from groups of 3 to 6 BALB/c mice were removed 
aseptically, minced with a pair of scissors and pressed through 
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a, st e rile 60-mesh stainless steel screen wi th th e plunger of a 
plastic 5 ml syringe. Large cell clumps and debris were remov ed 
by a quick spin at 300 x g for 5 seconds. The cell ,suspension was 
then centrifuged at 300 x g for 5 min and washed twice with plain 
RPMI medium. The viability of the final cell suspension was 
determined by the trypan blue dye exclusion method (Philip, 
1973) . 
2.2.2.3 Ficoll - Paque Separation of Lymphocytes 
10 ml of warm Ficoll - Paque solution was added to a 
sterile 50 ml-centrifuge tube and an equal volume of cell 
suspenSlon was gently layered on top of the Ficoll-Paque 
solution. The tube was centrifuged at 2000 x g for 20 mln at room 
temp. Lymphocytes were collected by harvesting the interphase 
cell layer. The cells were washed three times with plain RPMI 
medium and viability was determined by trypan blue dye exclusion 
method. 
2.2.2.4 Congo Red-Stained Yeast Cells 
3 ml of 0.87% Congo red solution was added to 1.5 g of 
yeast, Saccharomyces cerevisceae (Sigma Chem. Co., U.S.A.). The 
slurry was thoroughly mixed and permitted to stand at room temp. 
for 15 min. To the slurry, 7 ml of distilled water was added and 
mixed thoroughly. The solution was autoclaved for 15 min to kill 
the yeast cells and to sterilize the solution. The cells were 
washed 7 8 times wi th PBS to remove any excess stain and 
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finally resuspended in complete RPMI medium ( suppl e me nt ed with 
5% FBS). stained yeast cells were used as the target par t ic les 
in the assay of phagocytic activity of macrophages. The ratio of 
yeast cell number to macrophage number was 60:1 for the assay. 
2.2.3 Lymphocyte Transformation 
The blastogenic responses of lymphocytes to the T cell 
mitogens Con A and PHA, and to the B cell mitogens LPS and DS, 
were determined by measurement of the rate of DNA synthesis by 
the incorporation of JH- TdR into DNA. 5 x 10 5 mouse splenocytes 
were cultured with mitogen in 0.2 ml complete RPMI medium in each 
well of a flat-bottomed 96-well microtiter plate. The optimal 
conc. of mitogens used were 3 ug/ml for Con A, 30 ug/ml for PHA, 
30 ug/ml for LPS and 60 ug/ml for DS. Cultures were incubated at 
37°C for 48 hr ln a humidified atmosphere containing 5% CO2 in 
air and pulsed with 0.5 uCi JH- TdR for 6 hr before harvesting 
onto glass fibre filter using a Titertek multiharvester (Flow 
Lab. Ltd., U.K.). The radioactivity incorporated was then 
determined by counting in a liquid scintillation counter. Results 
were expressed either as percentage of control or as stimulation 
index (SI) defined as follows :-
Test - Blank 
SI = 
Control - Blank 
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whe re, Blank net cpm of medium only 
Control net cpm of cells only 
Test net cpm of culture with mitogen 
2.2.4 Haemolytic Plaque Assay 
BALB/c mlce ln groups of 4 were immunized i.p. with 4 
x 108 SRBC. Splenocytes were obtained 4 days later and suspended 
in plain RPMI medium at 3 x 106/ml. SRBC were suspended in plain 
RPMI medium with a packed volume of 20%. 100 ul of guinea 9 i g 
complement which was already diluted with plain RPMI medium to 
a suitable conc. was mixed with 100 ul of SRBC suspension. 200 
ul of splenocytes were then added to this SRBC-complement mixture 
and an aliquot of 50 ul was added to each roicrochamber formed by 
adhering two glass slides wi th .strips of double-sided Scotch 
tape. The edges of each microchamber were sealed wi th mel ted 
paraffin wax. Microchambers containing the cell mixtures were 
laid flat and incubated at 37°C for 1 hr. IgM plaques were 
counted under a dissection microscope. Results were the mean of 
quadruplicate chambers and expressed as the number of plaque-
forming cells (PFC) per 106 splenocytes. 
2 • 2 . 5 Phagocytic Activity 
The method described by Kaminski et al. (1985) was 
followed with slight modifications. PEC from mice, each elicited 
with 2 ml of thioglycollate broth, were harvested with cold HBSS 
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3 ,days later and washed twice with plain RPMI medium to r emov e 
any remaining eliciting agent. The cell conc. was adjust e d to 1 
x 10 6/ ml in complete RPM I medium ( supplemented with 5% FBS). 0.5 
ml of cell suspension was seeded into the wells of a flat-
bottomed 24-well microtiter plate and incubated at 37°C for 3 to 
4 hr to permit the macrophages to adhere. Nonadherent cells were 
removed by washing twice with warm PES. 0.4 ml of different conc. 
of drugs in complete RPMI medium (supplemented with 5% FBS) was 
added to the wells and incubated at 37°C for 6 hr. Drugs were 
removed and the wells were washed twice with warm PBS. 3x107 of 
Congo red-stained yeast cells ln complete RPMI med~um 
(supplemented with 5% FBS) were then added to each of the wells 
and incubated at 37°C for 1 hr. Phagocytosis was stopped by 
washing away excess yeast cells thrice with PBS. The plate was 
inverted to remove PBS and 1.2 ml of 1% SDS was added to each 
well to solubilize the phagocytes. The plate was stored overnight 
and absorbance was then read at 510 nm. 
A standard curve was prepared by using a serles of 
standard solutions containing a known conc. of yeast cells and 
macrophages and a macrophage control. 
2.2.6 Macrophage - Mediated Cytostatic Activity 
Cytostatic PEC were obtained by ln vivo activation with 
picolinic acid (PA) (Ruffmann et al. , 1984). Picolinic acid 
~ 
dissolved in PBS at a conc. of 5 mg/ml was l"nJ"e t d c e l.p. into 
BALB/c mice (0.5 ml per 25 gm body weight). PEC wer e h ar v e s t e d 
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w'ith cold HBSS 3 days later. After washing three times with p lai n 
RPMI medium, the cells were resuspended in complete RPMI medium 
at 2 x 106/ml. 0.1 ml PEC suspension was added to each well of a 
flat-bottomed--96-well microtiter plate and incubated at 37°C for 
2 hr. Nonadherent cells and any red blood cells were removed by 
two washes with warm PBS. 0.2 ml of drug in complete RPMI medium 
was added to the wells and incubated at 37°C for 6 hr under a 
humidified atmosphere of 5% CO2 in air. Drugs were removed by two 
washes with warm medium. Then, 10 4 MBL-2 cells suspended 1n 
complete RPMI medium supplemented with LPS (2 ng/ml) were added 
to each well in a final volume of 0.2 ml. After 48 hr incubati"on 
at 37°C, each well was pulsed with 0.5 uCi 3H- TdR and then 
harvested 5 hr later wi th a Ti tertek mul tiharvester. Resul ts were 
expressed as percentage growth inhibition of MBL-2 cells induced 
by the activated macrophages. 
% cytostasis = (1 -
3H- TdR incorporation of MBL-2 cells 
in the presence of macrophages 
3H- TdR incorporation of MBL-2 cells 
in the absence of macrophages 
2.2.7 Delayed Type Hypersensitivity (DTH) 
) x 100 
The method described by Leung et al. (1986) was 
followed. Briefly, BALB/c mice in groups of 6 were given an 1.V. 
injection of 1 x 106 SRBC ln 0.2 ml PBS for sensi tiza tion. 
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c ontrol mice were injected i.v. with an equal volume of PB S . Four 
days after antigen sensitization, the left and right hind fo o tpad 
thicknesses of mice were measured using a Schnelltaster calipe r 
(Kroplin, Germ-a.ny) and their mean footpad thickness determined. 
Each mouse was then challenged wi th 10 8 SRBC ln 50 ul of PBS 
which was injected subcutaneously into each right hind footpad. 
The same volume of PBS was injected into the left hind footpad 
as self control. Both left and right footpad thicknesses of each 
mouse were measured at 24, 48 and 72 hr after antigen challenge 
and the resul ts were expressed as the percentage lncrease ln 
footpad thickness (Leung et al., 1980) which was calculated as 
follows:-
Tr - Tl 
% mean lncrease ln footpad thickness = 
Ta 
where, Tr thickness of right hind footpad 
Tl thickness of left hind footpad 
Ta mean thickness of left and right 
hind footpad of all experimental 
animals before challenge 
x 100 
2.2.8 Production of and Assay for Interleukin-2 (IL-2) 
The method described by Leung et al. (1986) for the 
production of interleukin-2 (IL-2) was essentially follow e d. 
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1,xl0 7 mouse (BALB/c) splenocytes ln 1 ml complete RPt11 me dium 
were added to each well of a flat-bottomed 24-well microtit e r 
plate in the presence of 5 ug/ml Con A. After 24 hr incubation 
at 37°C under .. a humidified atmosphere containing 5% C02 in alr, 
supernatants were collected and centrifuged (300 x g for 5 min) 
to remove any cells. In order to remove the residual Con A, 
clear supernatants were transferred to another centrifuge tube 
containing 0.1 ml of swollen Sephadex GlOO (Pharmacia, Sweden). 
After shaking for 3 hr in a shaker at room temp., Sephadex was 
removed by centrifugation and the clear supernatant was 
sterilized by membrane filtration. The collected supernatant 
contained a mixture of lymphokines including IL-2. 
IL-2 activity was measured by maintenance of growth of 
the IL-2 dependent CTLL-2 cells (cytotoxic T cells from C57BL/6 
mice). Briefly, serial 2-fold dilutions of the culture 
supernatant containing IL-2 were made with complete RPMI medium 
ln a flat-bottomed 96-well microtiter plate in a final volume of 
50 ul. CTLL-2 cells were washed thrice with plain RPMI medium and 
resuspended in complete RPMI medium in a final conc. of 2xl0 5 
/ml. 50 ul of this cell suspension was . then added to each well 
and the plate was incubated for 24 hr at 37°C under a humidified 
atmosphere containing 5% C02 in air. The cells were then given 
a 6 hr-pul~e with 0.5 uCi JH- TdR and harvested with a Titertek 
multiharvester. The radioactivity incorporated was determined by 
counting in a liquid scintillation counter. 
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~2 . 9 ~totoxic~_ of the __ Drugs on Various Cell Lin e s 
2 .2.9.1 Trypan Blue Exclusion Method 
Different tumor cells were adjusted to a conc. of 4-10 
x 106 Iml in complete RPMI medium. 0.1 ml cell suspension was 
added to each well of a flat-bottomed 96-well microtiter plate. 
50 ul of RPMI medium supplemented with or without (control) drug 
was added followed by addition of 50 ul of complete RPMI medium 
to make up a total volume of 200 ul. After incubation at 37°C for 
24 and 48 hr under a humidified atmosphere containing 5% C02 _ ~n 
air, 100 ul of medium was carefully removed without disturbing 
the cell layer in each well. 100 ul of 0.1% trypan blue was added 
directly to the wells, mixed by pipetting and the percentage 
viability was determined by cell counting under a mlcroscope 
uSlng a haemacytometer. Cells that were stained blue were 
regarded as dead cells. 
2.2.9.2 Neutral Red Uptake Method 
2 x 10 5 of tumor cells ln 0.1 ml complete RPMI medium 
were seeded to the wells of a flat-bottomed 96-well microtiter 
plate and incubated at 37°C under a humidified atmosphere 
containing 5% CO 2 in air for 18-24 hr for attachment. Medium in 
each well was then discarded and replaced with 200 ul of fresh 
complete RPMI medium supplemented with or without (control) drug. 
~ 
After incubation at 37°C for a further period of 24 and 48 hr, 
the medium in each well was again removed and the detached cells 
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we re washed away with warm PBS. 50 ul 0.5% neutral red wa s add e d 
to each well and incubated at J7°C for 1 hr. Excess dy e wa s 
washed twice wi th warm PBS. The microti ter pIa te was then 
inverted and -dried. 100 ul of 1% SDS was added to each well to 
lyse the cells. Only viable cells were able to uptake the dye. 
The absorbance at 510 nm of each well was measured uSlng a 
minireader (Dynatech Laboratories, Inc., U.S.A.). Cell viability 
was expressed as percentage of control. 
2.2.10 Cytostatic Effect of Drugs on Various Cell Lines 
Different tumor cells at a total cell number of 1-5 x 
104 were co-cultured with different conc. of drugs in complete 
RPMI medium in the wells of a flat-bottomed 96-well microtiter 
plate. After incubation at 37°C under a humidified atmosphere 
containing 5% CO2 in air for 24 .and 48 hr, each well was pulsed 
with 0.5 uCi 3H-thymidine (or 0.5 uCi 3H-uridine or 1.0 uCi 3H-
leucine). The cells were then harvested with a Titertek 
multiharvester after a further incubation period of 6 hr and the 
radioactivity was determined using a liquid scintillation 
counter. In case of adherent cells, 50 ul of O.lN NaOH was added 
to each well to detach the cells from the plastic surface before 
the normal procedure of harvesting was performed. Results were 
expressed as percentage suppression with reference to the 
control. 
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2 . ,2 .11 Evaluation of Antitumor Activity . (In. __ yivoL 
2.2.11.1 Tumor Size 
Mice ln groups of SlX were injected i.p. with a 
syngeneic murine tumor (10 6 cells per mouse). The mlce then 
received either a single 1.p. injection of drug or consecutive 
injections for a certain period of time. Control group animals 
were injected with an equal volume of PBS. Mice were then killed 
by cervical dislocation and antitumor activity was evaluated by 
counting the number of viable tumor cells recoverable from the 
peritoneal cavity of each mouse. 
2.2.11.2 Survival Study 
1 x 106 murine tumor cells were inoculated into 
different groups of mice (34 mice each) by i.p. injection. Drugs 
were i.p. administered to the mice after tumor cell inoculation. 
The control group received an equal volume of PBS. The survival 
period of each group of mice was carefully recorded. 
2.2.12 TLC Analysis 
General Thin-Layer Chromatographic (TLC) method for 
separation of amino acids was employed to verify the purity of 
oxalysine ( Brenner et al., 1969) . . Briefly, L-oxalysine or lysine 
was ·dissolved in distilled water and made up to a cone. of 4 
rog/rol. It was spotted onto the TLC aluminium sheet precoated with 
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silica gel 60 F254 (E. Merck) uSlng a capilla r y tub e . Th e s h eet 
was then placed vertically in a closed glass tank with the lowe r 
edge immersed ln developing solvent. When the solvent front 
reached the tbp of the sheet, it was taken out from the tank and 
the solvent allowed to be evaporated. The sheet was sprayed with 
coloring agent and then heated at 110°C until the best color 
development was reached. 
2.2.13 Preparation of Ribosome-Inactivating and Abortifacient 
Proteins 
2.2.13.1 Trichosanthin (TCS) 
The root tubers of Trichosanthes kirilowii obtained from 
mainland China were soaked in normal saline, allowed to stand 
overnight at 4°C and cut into · small pleces, they were then 
homogenized in a Waring blender and fil tered through cheese 
cloth. The filtrate was adjusted to pH 4.0 with 2N HCl and 
centrifuged at 7,000 rpm for 20 min. The supernatant was then 
subjected to acetone fractionation, giving rise to the P2.0 
fraction. This fraction was applied to a column of CM-Sepharose 
CL-6B (Pharmacia, Sweden) for further purification. 
Chromatography was performed first by isocratic elution with 
0.05M phosphate buffer, pH 6.4, followed by gradient elution with 
o - O.3M PBS, pH 6.4. The final preparation (C5 fraction) was 
shown to be homogeneous by SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) . 
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2 . 2 .13.2 Luffaculin (LFC) 
Dried rlpe seeds of Luff~ acutangula were obtained fro m 
local markets ~ The seeds were homogenized in a Waring blender 
with normal saline and then filtered through cheesecloth. The pH 
of the ·extract was adjusted to 4.0 with 2N HCl and was 
centrifuged at 8,000 rpm for 10 min. The supernatant was then 
applied to a column of CM Sepharose CL-6B (Pharmacia, Sweden). 
The column (1.2 x 28.3 cm) had previously been equilibrated and 
eluted with 0.05M phosphate buffer. After the unadsorbed material 
had been eluted, a linear gradient of 0 - O.3M NaCl in the same 
buffer was applied. The protein peaks designated Cl - C7 were 
collected, dialyzed against distilled water and lyophilized. 
Fraction C5 from the previous chromatographic step was 
further purified on a Sephadex G-50 column (1.4 x 90 cm). The 
column was eluted with phosphate buffered saline (pH 7.4) at a 
flow rate of 60 ml/hr. The final preparation (G2 fraction) was 
also shown to be homogeneous by SDS-PAGE. 
2.2.14 Protein Determination 
Protein conc. was determined by the method of Lowry et 
al. (1951) using bovine serum albumin (BSA) as a standard. To 
each 0.5 ml of sample, 2 ml of copper reagent (1% CuS04.5H20: 1% 
K-Na-tartrate: 2% Na2C03 = 1:1:100 in.O.lN NaOH) was added. After 
.. .. 
mixing, it was allowed to stand ·at room temp. for 10 mln and then 
0.2 ml of diluted Folin reagent (1:1 dilution) was added followed 
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imme diately by mlxlng. After standing for 30 mln at room t e mp , 
the absorbance at 750 nm was measured with a spect r opho t ometer 
(Hitachi U-2000, Japan). 
2.2.15 Statistical Analysis 
All resul ts are expressed as the ari thmetic mean ± 
standard deviation. Student's t test was used to determine the 




The oxalysine sample used ln the experimental work of 
this thesis was purified from the culture medium of a new speCles 
of Streptomyces rosevividofucus n. sp. in mainland China. Its 
purity was checked in our laboratory by TLC as a single spot 
(data not shown). The functional groups of oxalysine were also 
determined by NMR and IR spectroscopic studies, and the results 
(not shown) were consistent with that reported by Bao et al., 
(1981) suggesting that the oxalysine sample used in this research 
work is identical to that reported by other investigators. 
Oxalysine has been reported to have antitumor effect on 
solid tumors (Yue et a1., 1979). According to our preliminary 
experimental results, oxalysine also exhibited potent cytostatic 
effect on various tumor cell lines. Since many cytostatic drugs 
can suppress the in vivo growth of ascites tumors, oxalysine was 
also tested for the ln vivo antitumor effect against some ascite 
form of murine tumors. With respect to the overlap in the anti-
neoplastic and immunosuppressive effects of some drugs such as 
cyclophosphamide and azathiopurine, it is qui te possible that 
• I' 
oxalyslne might also be an immunosuppressant slnce it 
significantly inhibited the mitogen-induced lymphoproliferation 
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fr-o m r e sul ts of preliminary experiments. In t h is c h apter , a 
number of immunological assays were conducted to s ee if o xa lysine 
had any immunomodulatory effect on humoral or cell - media ted 
immune respons~. Moreover, the mechanism for the inhibition of 
mitogen-induced lymphoproliferative response by oxalysine was 
also studied. 
- 45 -
3 . 2 The Immunomodula tory __ Ac ti vi ty _____ .QL Oxa1-~ne 
3.2.1 
Results 
Effect of Oxalysine on the Proliferation of Mouse 
Splenocytes 
The possible mitogenic effect of oxalysine was tested 
by co-culturing different conc. of oxalysine with mouse 
splenocytes for 48 hr. The rate of DNA synthesis was then 
measured by counting the 3H- TdR incorporated into the DNA of the 
lymphocytes. The results from Fig 3.2.1 indicate that oxalysine 
did not show any mitogenic activity. Instead, it suppressed the 
DNA synthesis of the resting lymphocytes. 
3.2.2 Effect of In Vitro Oxa~ine~xposure on the Response 
of Murine Splenocytes to Mitogens 
Predetermined optimal conc. of T cell mitogen Con A (3 
ug/ml), PHA (30 ug/ml) or B cell mitogen LPS (30 ug/ml), DS (60 
ug/ml) were separately co-cultured with mouse splenocytes and 
different cone. of Qxalysine (0-200 ug/ml). The rate of DNA 
synthesis was measured after 48 hr incubation by pulse labelling 
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Fig 3.2.1 Effect of oxalysine (OXL) on the proliferation of 
mouse splenocytes 
Oxalysine in different conc. was co-cultured with 5x10 5 mouse 
splenocytes. After an incubation period of 48 hr, cultured cells 
were given a 6 hr pulse with 0.5 uCi/well JH- TdR and 












































































































































































































































































































































































































































































































































































































































































































































































































2 5 ug / ml significantly inhibi ted the mi t oge n - induce d lymophocy te 
transformation of mice. It seemed to have no specificity against 
T cells or B cells since the percentage suppression of lymphocy te 
transformati6h in response to whatever T cell or B cell mitogens 
increased drastically when oxalysine conc. reached 100 ug/ml. One 
may wonder if the conc. of oxalysine was high enough to be 
cytotoxic to the mouse lymphocytes. But as I shall discuss in the 
other section I this inhibi tion of mi togen-induced lymphocyte 
transformation was not due to cytotoxicity and its mechanism will 
be discussed in greater detail in section 3.3. 
3.2.3 Effect of In Vivo Oxalysine Treatment on the Response 
of Murine Splenocytes to Mitogens 
BALB/c mlce ln groups of 4 were intraperitoneally 
injected with different doses ofoxalysine (40, 80 and 160 mg/kg) 
or PBS consecutively for 3 days. On the following day, 
splenocytes from different groups of mice were collected and 
incubated with optimal conc. of mitogens, including Con A and 
LPS, for 48 hr. The rate of DNA synthesis was measured by a 6 hr 
pulse labelling with 3H- TdR . Results are shown in Table 3.2.2. 
There was no significant difference ln the response of 
splenocytes from oxalysine-treated and control mlce to the 
stimulation of LPS. Splenocytes from these groups of mice also 
showed no significant difference ln response to Con A as revealed 
by the CPM level. However, the stimulation index (SI) as 
calculated for comparison decreased significantly ln th e 












































































































































































































































































































































































































ac companying increase ln CPM level of the resting lymphoc y t e 
controls (without mitogens) of the oxalysine-treated groups. 
(DTH) Response 
Mitosuoka et al. (1987) reported that a DTH response was 
developed ln mice following l. v. injection of SRBC and the 
maximum response was detected 4 days after antigen sensitization. 
In this experiment, mlce ln groups of 6 were 1 ~ -p. 
treated with different dosages of oxalysine (80 and 160 mg/kg) 
or PBS consecutively for 3 days before SRBC sensitization and 
then tested for DTH response in vivo. As shown in Table 3.2.3, 
the mean increase in footpad thickness was maximal 24 hr after 
challenge and gradually decreased with time. There was no 
significant difference ' in the mean increase in footpad thickness 
between the group of mice treated with PBS (control) and with 
different dosages of oxalysine 24, 48 and 72 hr after challenge. 
So the treatment of oxalysine did not affect the DTH response of 
mice under the prescribed scheme of drug administration. 
3 . 2 • 5 
----
Effect of Oxalysine on the In _ Vitro Phagocytic 
Activity of Mouse Peritoneal Macrophages 
Mouse peritoneal macrophages were elicited by l.p. 
injection with 2 ml of 3% thioglycollate broth. Three days later , 








Effect of oxalysine on DTH response * 
Mean increase in footpad thickness (%) 
24 hr 48 hr 72 hr 
46.6 ± 8.9 33.0 ± 6.5 18.8 ± 3.0 
48.8 ± 9.9 30.7 ± 7.3 15.5 ± 4.2 
50.9 ± 5.7 36.7 ± 7.2 18.2 ± 2.4 
* BALB/c mice in groups of 6 were 1.p. injected with 
different dosages of oxalysine or PBS (control) 
consecutively for 3 days before sensi tization wi th 106 
SRBC. Four days after antigep sensitization, each 
mouse was challenged with 10 SRBC into the right hind 
footpad. The DTH response, as determined by the % 
increase in footpad thickness ± S.D., was measured 24, 48, 
and 72 hr after antigen challenge. 
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a ssay of phagocytic activity as described by Kaminski e t 
al. (1985). 
Different conc. of oxalysine (25-200 ug/ml) or control 
medium were co-cultured with peritoneal macrophages (which had 
already been attached to the bottom of the wells of a 24 well 
microtiter plate) and Congo red-stained yeast cells for 2 hr at 
37°C. After washing away the unphagocytized yeast cells, the 
number of yeast cells per macrophage was determined as shown in 
Expt. 1 of Table 3.2.4, no significant difference for the 
phagocytic acti vi ty of the mouse peri toneal macrophages vras 
observed after 2 hours co-incubation with different conc. of 
oxalysine. 
Another experiment was performed to see if preincubation 
of macrophages with oxalysine may affect the phagocytic activity. 
Peritoneal macrophages were attached to the bottom of the wells 
of a 24 well microtiter plate and then incubated with different 
conc. of oxalysine for 6 hr. After washing, Congo red-stained 
yeast cells were added and incubated at 37°C for 1 hr. The number 
of yeast cells per macrophage determined was shown in Expt. 2 of 
Table 3.2.4. It is clear that there were no significant changes 
in the phagocytic activity of the mouse macrophages. 
3.2.6 Effect of Oxalysine on Macrophage-Mediated Cytostatic 
Activity 










Effect of oxalysine on the in vitro 
phagocytic activity of mouse peritoneal 
macrophages 
Number of yeast cells per peritoneal 
macrophage 
Expt. 1 a Expt. 2b 
5.07 ± 0.54 5.90 ± 0.34 
6.24 ± 0.58 6.11 ± 0.37 
6.18 ± 0.45 6.19 ± 0.55 
6.24 ± 0.57 6.05 ± 0.40 
5.59 ± 0.16 6.37 ± 0.26 
a 5x105 peritoneal macrophages were co-cultured with different 
conc. of oxalysine and 3x107 Congo red-stained yeast cells 
at 37°C for 2 hr. After washing away the unphagocytized 
yeast cells, the number of yeast cells per macrophage ± 
S.D. was determined. 
b 5xl05 pertioneal m'acrophages were preincuba ted wi th 
different conc. of oxalysine at 37°C for 6 hr. After 
removal of oxalysine by washing, 3xl07 Congo red-stained 
yeast cells were added and incubated at 37°C for 1 hr. 
Unphagocytized yeast cells were washed away and the number 
of yeast cells per macrophage ± S.D. was determined. 
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pi c olinic acid into the peritone al c a vity of rnlce wo u l d activate 
the peritoneal macrophages to become cytostatic against MBL-2 
lymphoma cells in the presence of nanograms of LPS. 
Mice were injected wi th picolinic acid In PBS (100 
mg/kg) and peritoneal exudate cells were harvested 3 days later. 
After 2 hr attachment of the peritoneal macrophages to the bottom 
of the wells of a 96-well flat-bottomed microtiter plate, 
different conc. of oxalysine (25-200 ug/ml) or control medium 
were added and incubated for 6 hr. Drugs and non-adherent cells 
were washed followed by addition of MBL-2 cells in the presen~e 
of LPS. After 48 hr incubation, the rate of proliferation of MBL-
2 cells was measured by a 6 hr-pulse labelling wi th 3H- TdR . 
Resul ts are shown in Table 3.2.5. No significant change was 
observed in the % cytostasis of MBL-2 cells after preincubation 
of macrophages wi th different cone. of oxalysine for a 6 hr-
period. 
The results of this experiment and those of the last 
section showed that oxalysine had no effect on the macrophage 




Antibodies, mainly IgM, are produced against SRBC after 
mlce have been sensitized with this T cell-dependent antig e n. 
Plaque techniques were employed for counting single antibody-
forming cells (or plaque-forming cells) (Cunningham and Sz e nberg, 
- 55 -
Table 3.2.5 Effect of oxalysine on macrophage-mediated 
cytostatic activity * 
Oxalysine ( ug/ml) % cytostatic activity 
o 64.9 ± 3.1 
25 57.5 ± 2.3 
50 . 61.2 ± 3.9 
100 62.4 ± 2.5 
200 65.1 ± 3.7 
* Picolinic acid-activated peritoneal macrophages (2x10S) were 
preincubated with different cone of oxalysine at 37°C for 
6 hr. After removal of oxalysine by washing, 104 MBL-2 cells 
were added to the attached macrophages and incuba ted at 
37°C for 48 hr. Cytostatic activity of the macrophages was 
measured by their abilit1 to inhibit growth of MBL-2 cells, as determined from the H-TdR incorporation of the MBL-2 
cells grown in the presence or absence of peritoneal 
macrophages. 
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19-86 ) . 
Mice in groups of 3 were l.p_ injected with dif feren t 
doses of oxal"ysine or PBS consecutively for 3 days before 
immunization with SRBC (4 x 108 given i.p.). The splenic plaque 
forming cell count was enumerated 4 days after antigen 
sensitization to see if in. vivo treatment with oxalysine may 
elicit any changes in the humoral antibody response to SRBC. 
Results from Table 3.2.6 indicated that there was no significant 
difference in the number of plaque forming cells between the 
oxalysine-treated groups and the control group_ Although th~i r 
sensitivities towards SRBC were different, both species of mice 








Effect of in vivo oxalysine treatment on 
humoral immune response to SRBC a 
Plaque forming cell (PFC)/106 splenocytes 
Expt. 1b Expt. 2c 
713 ± 141 193 ± 39 
740 ± 180 203 ± 11 
768 ± 142 187 ± 50 
a Mice in groups of 3 were pretreated with oxalysine (80 and 
160 mg/Kg given i.p.) or PBS (control) c~nsecutivelY for 3 
days before immunization with SRBC (4x10 given i.p.). The 
number of plaque-forming cells per 106 mouse splenocytes was 
enumerated on the 4th day post SRBC administration using 
the Cunningham's modified hemolytic plaque assay. 
b BALB/c mice were used in the assay 
c C57BL/6J mice were used in the assay 
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Discussion 
Oxalysine did not possess any mi togenic effect on murlne 
lymphocytes. Instead, it inhibited DNA synthesis following co-
incubation with the resting lymphocytes. Oxalysine significantly 
inhibited the mitogen-induced lymphocyte transformation. Both T 
cell and B cell proliferation was suppressed to similar extents. 
In V1VO treatment with oxalysine did not affect lymphocyte 
transformation ln response to LPS. However, Con A-induced 
lymphocyte transformation was inhibi ted when compared on the 
basis of SI. This result was in contrast to that reported by Li 
et al. (1987). They demonstrated that treatment of mice with 
oxalysine (50 and 100 mg/kg i.p.) for 3 days or 100 mg/kg l.g. 
for 5 days promoted the incorporation rate of 3H- TdR into spleen 
lymophocytes. However, their results were presented in CPM, not 
in SI, and the 3H- TdR incorporations of lymphocytes in control 
culture without mitogens were not shown. As we have mentioned 
previously, in vivo treatment with oxalysine slightly enhanced 
the 3H- TdR incorporation rate of control lymphocytes. This may be 
due to an increase in spleen weight accompanied with an enhanced 
synthesis of spleen RNA, DNA and protein (Liu and Xu, 1985). So 
an increase in CPM in the presence of mitogens may not reflect 
a true increase in mitogenic response. Rather, the SI indicating 
the fold of lncrease of the control lymphocytes 1S a more 
accurate index of mitogenic response. 
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When oxalysine was administ e r e d l.p. to mlc e and t e st e d 
for the effect on DTH response and formation of PF C , n o 
significant changes were observed. This indicated that oxalysine 
had no modulatory effect on T cell and B cell functions in yivo. 
However, Li et al. (1987) stated that under specified condition, 
oxalysine enhanced the number of PFC to SRBC as well as DTH 
response. It is difficult to explain why such a discrimination 
existed since a different scheme of oxalysine administration was 
used in the present study. The dose of SRBC administered for 
sensitization was also quite different. As Li et al. (1987) 
reported that when they injected a higher dose of SRBC for 
sensitization, there were no significant changes in DTH response 
between the oxalysine-treated and control groups. So the amount 
of sensitizer is also a determining factor affecting the result. 
In my experiment, an optimal sensitizing dose of 106 SRBC was 
used as suggested by Mitsuoka et al. (1987). 
From the results reported by Li et. al. (1987), oxalysine 
did not exhibit a dose-dependent effect on PFC and DTH response, 
indicating that oxalysine may not be a potent .immunopotentiating 
agent. The potentiating activity may be due to the suppreSSlve 
effect on protein synthesis (Li et al., 1987) or on some short-
lived suppressor cells. 
Oxalysine did not affect the function of macrophages in 
vitro. Both the phagocytic activity and the cytostatic activity 
of m~ciophages were not significantly changed after incubation 
with oxalysine, in accord with the report of Li et al. (19 87) . 
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The results presented 1n this section showed that 
oxalysine did not have any effect on either humoral or cell-
mediated immunological response 1n mlce. Rather, oxalysine 
exhibited a si'gnificant suppreSSlve effect on mitogen-induced 
lymphocyte transformation. This suggests that oxalysine may 
inhibit the proliferation of actively dividing cells. The 
mechanism of this inhibition of lymphocyte proliferation was 
studied in the following section. 
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3 . 3 
Lymphocyte Transformation by Oxalysine 
Results 
3.3.1 Lack of Direct Cytotoxic Effect of Oxalysine on Mouse 
~lenocytes In Vitro 
Using the trypan blue dye exclusion method (Philip, 
1973) , oxalysine was tested for cytotoxicity on mouse 
splenocytes. Oxalysine at different conc. (0-200 ug/ml) was 
incubated with mouse splenocytes for 24 and 48 hr, after which 
cell viability was determined. As shown in Table 3.3.1, ox alysine 
exhibited no appreciable direct cellular lymphotox icity in vi t ro. 
This indicated that the inhibition of mitogen - induc e d lymphocy te 
transformation was not due to a direct cytotoxic effect of 
oxalysine on mouse lymphocytes In vitro. 
3 . 3 . 2 Effect of Oxalysine on the Kinetics of Con A-Induced 
Lympho~roliferative Response 
In order to find out whether the suppression of mitogen-
indu~e~ lymphocyte transformation was due to a shift 111 th e p ea k 
response by oxalysine, Con A (3 ug/ml) was cultured with mo u s e 









The effect of oxalysine on the % viability 
of BALB/c normal spleen cells (NSC) 
% viability* of NSC after incubation of 
24 hr 48 hr 
73.6 ± 1.7 55.8 ± 4.1 
71.0 ± 0.7 55.4 ± 5.4 
69.5 ± 0.9 54.7 ± 3.9 
71.0 ± 4.9 51.5 ± 5.1 
72.0 ± 2.1 42.5 ± 0.1 
* The % viability was determined by cell counting using the 
trypan blue dye exclusion method. Results are expressed as 
the mean of triplicate counts ± S.D. 
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~plenocytes in the absence or pr e s e nce of oxaly s in e a t diff er o n r 
nc (' 50 100 and 200 ug/ml) for different time period s (24, 48 , co. , 
72 and 96 hr). The cuI tures were then puls(;d Hi th JH-TdR a n d 
harvested. Results from Fig 3.3.1 showed that in the presenc e o f 
oxalysine, the mitogenic response of splenocytes decreased in a 
dose-dependent manner. There was no shift in the kinetics of th e 
mitogenic response by oxalysine during the prescribed period. 
3 . 3 . 3 
Mitogen-Induced Lymphocyte Transformation 
3.3.3.1 Preincubation of Oxalysine 
In this experiment, mouse splenocytes were preincubated 
wi th both Con A (3 ug /ml) and di f f eren t conc. of oxalys ine (0' , 
50, 100, and 200 ug/ml) for various periods (6, 12, 24, and 48 
hr) at 37°C. Splenocytes were then washed thrice with plain RPMI 
medium to remove Con A and oxalysine. ,Cells were counted and 
resuspended In complete medium with Con A (3 ug/ml) and incubated 
" 
at 37°C for 48 hr, followed by a pulse labelling with JH-TdR. 
From the results shown 1n Table 3.3.2, it was noted that 
when mouse splenocytes were preincubated with Con A and 
oxalysine for 12 hr or less, they were still alive and exhibited 
lymphoproliferative response to Con A. It was interesting that 
the splenocytes which had been pretreated with oxalysine for 24 
hr showed a higher proliferativ~ response to Con A than those 
pretr"eated with control medium only (without oxalysine). Thi s 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in d u c e d I ym p hop r 0 1 i fer a t ion was r e a d i 1 y rev er sib I e wi t h i ll 2 4 11 1" 
when the drug was removed. 
Another set of experiment was performed by preincuba ting 
mouse splenocytes with different conc. of oxalysine alone for 
varlOUS periods (6, 12, 24 and 36 hr). Cells were then wash e d 
and re suspended 111 complete medium wi th Con A (3 ug/ml) and 
oxalysine of different conc. ( 0, 50, 100 and 200 ug/ml) or with 
Con A alone, followed by further incubation at 37°C for 48 hr. 
Results from Fig 3.3.2 indicated that when rest-ing 
splenocytes were preincubated with oxalysine for 12 hr or less, 
no damaging effect on the lymphoproliferative ability was 
observed when stimulated with Con A. However, 
lymphoproliferation was suppressed when the oxalysine-pretreated 
splenocytes were stimulated with Con A ln the presence of 
"different cone. of oxlaysine. The splenocytes also showed a 
rebound enhancing effect on mitogenic response to Con A after 
preincubation with 50 and 100 ug/ml oxalysine. 
From these two experiments, it lS obvious that the co-
incubation of splenocytes with oxalysine was essential for th e 
suppressive effect on mitogen-induced lymphoproliferation wit:hin 
the first 24 hr of incubation. 
3.3.3.2 Delayed Addition of Oxalysine 































































































































































































































































































































































































































































































































































































































































































































































































































































ug / ml} and LPS (30 ug/ml) for varlOUS periods (0, 6 , 1 2 , 2 4 and 
36 hr) before the addition of different conc.of oxalysine (0, 5 0 , 
100 and 200 ug/ml). From Table 3.3.3 and 3.3.4, it is clear tha t 
the earlier the time of addition of oxalysine, the more potent 
was the inhibi tion on both T cell and B cell mi togen-induced 
lymphoproliferation. Oxalysine exhibited appreciable inhibitory 
effect even when added to the culture 36 hr aft~r the initiation 
of lymphocyte transformation. This result suggests that oxalysine 
exhibited its suppreSSlve effect on the late event (s) of the 
lymphocyte proliferation cycle. 
3 . 3 . 4 Effect of Exogenous __ 1.L-2 on the Oxalysine-I1ediated 
Suppression of Lymphocyte Blastogenesis 
Mouse splenocytes were co-cultured with Con A (3 ug/ml) 
ln the absence or presence of different cone. of oxalysine (50, 
100 and 200 ug/ml) in the wells of 96-well microtiter plates. 
Rat growth factor (supernatant of Con A-activated rat spleen 
culture) containing high activity of 1L-2 (10 fold dilution) was 
added to the wells at different intervals after the initiation 
of incubation (8, 24 and 43 hr). The culture was further 
incubated for 48 hr before pulse labelling with JH- TdR and 
harvested. 
Resul ts from Table 3.3.5 indica ted tha t oxalysine 
suppressed the lymphoproliferation dose-dependently no matter 
when the exogenous IL--2 was added to the cuI tures after the 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































i nduc e d lymphoproli f e rativ e r e spon se in t h e pr e s e n c e of 50 u(j /ntl 
oxalysine was partially reconstitut e d aft e r t h e additi o n o f 
e xogenous 1L - 2. It 1S clear that in the pres e nce o f 50 ug /rrll 
oxalysine, addition of exogenous IL-2 at different interval s ( 8 , 
24 and 48 hr) after initiation of the culture signifi c an tly 
increased the rate of DNA synthesis of the lymphocytes a s 
compared to the control (without exogenous 1L-2). 
3 . 3 . 5 Effect of Oxalysine on the Activity of 1L-2 Containing 
Medium to Maintain the Proliferation of the 1L- 2 
Dependent CTLL-2 Cells 
The rat growth factor which contained 1L-2 was prepared 
as described ln Chapter 2, and was tested for its ability to 
maintain the proliferation of 1L-2 dependent CTLL-2 cells in the 
presence or absence of oxalysine. This 1L-2 containing medium was 
serially two-fold diluted in the wells of a 96-well microtiter 
plate wi th medium. C'TLL- 2 c e lls were then added in the absence 
or presence of differ e nt conc. o f oxalysine and incubat e d at 37° C 
for 24 hr follow e d by a pulse labelling with jH-TdR. 
Fig 3.3.3 showed that th e 1L - 2 containing me d i u m 
exhibited a dose-respons e activity 1n maintenanc e of the 
proliferation of CTLL-2 c e lls . However, th e presenc e of o x alysine 
rendered the 1L-2 containing medium less e ffective In a d o s e -
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Treated l'1ice 
In this section, the production of 1L-2 from splenocytes 
of oxalysine-treated mlce was studied. BALB/c mice in groups of 
4 were injected i. p. wi th different doses of oxalysine (40, 80 
and 160 mg/kg) or an equal volume of PBS (for the control group) 
for 3 consecutive dajTs. On the next day splenocytes from 
different groups of mlce were collected pooled 
splenocytes from each group were added to the wells of a 24-well 
microtiter plate ln the presence of 5 ug/ml Con A. After 
incubation at 37°C for 24 hr, the culture supernatant from each 
group was collected and excess Con A removed by adsorption with 
Sepbadex G-IOO. The 1L-2 activity from each group was assayed 
by maintenance of proliferation of the 1L-2 dependent CTLL-2 
cells. 
Results from Fig 3.3.4 indicated that treatment with 
varlous cone. of oxalysine under the specified scheme of 
administration rendered no difference ln the production of 1L-2 
as compared to the control. 
3 . 3 . 7 The In Vitro_Effect _of Oxalysine on the Production of 
IL-2 from Con A-Activated Mouse Splenocytes 
The in vitro effect of oxalysine on the producti o n of 
IL-2 from Con A-activated mouse splenocytes cannot be measured 

















































































































































































































































































































































































































































d'irect ly Slnc e t h e c uI t u re s up er n a t a n t t o be assa y ed for I L - 2 
act i v ity also contains ox alysin e . From r e sults of s ec ti on 3 . 3 . 5 
, i t was known that ox a lysine inhibit e d th e prolif e ration o f the 
IL-2 dependen t CTLL-2 cells which were used in the assay of IL - 2 
activity. Instead,the effect of preincubati o n of oxalysine with 
splenocytes on the production of IL-2 was measured In this 
experiment. 
Mouse splenocytes were co-cultured with Con A (5 ug / ml) 
In the absence or presence of oxalysine (100 ug/ml ) and incubated 
for 12 hr at 37°C. Cells were then washed thrice and resuspended 
in medium to a cone. of 107/ml. 1 ml of th e c ell suspension from 
each group was added to the wells of a 24-well microtiter plate 
and incubated at 37°C for 24 hr. The cultur e supernatants were 
removed and tested for IL-2 activity 
proliferation of the CTLL-2 cells. 
by maintenance of 
From Fig- 3.3.5, it lS interesting to not e that the 
supernatant from the oxalysine-tr e ated spl e nocyte s exhibit e d a 
higher activity of IL-2 than that of th e control. It was quite 
similar to the result of section 3.2.3 that mous e splenocyt e s 
after preincubation with oxalysine exhibit e d a high er 
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The stimulation of lymphocytes by mitogens results ln 
a sequence of events called lymphocyte transformation with the 
production of blast-like cells which synthesiz e DNA de n o vo 
(Urbaniak et ~.l., 1978). This non --specific transformation by 
mitogens can be used as an indicator of overall T cell function 
since a high percentage of cells are "triggered" nor mall y a nd a 
low level of transformation usually correlates well with 
depressed cell mediated immunity (CMI). Transformation test has 
long been used as one of the screen1ng procedures for 
immunosuppressive agents (S tone and Paget, 1971; Bach, ::. 975) . 
Many biological inhibitors of lymphocyte transformation exhibit 
their effect through different mechanisms (Ranney, 1975). From 
section J.1, we know that oxalysine exhibits potent suppreSS1ve 
effect 1n mi togen-induced lymphocyte transforma tion In ~~ttro, 
although the mechanism lS still unclear. Li e t al. ( 198 7 ; has 
also indicated that oxalysine inhibits the Con-A induced 
lymphoproliferation in vitro, but no further inv e stigation has 
so far been reported. 
Results from this section demonstrated that ther e we r e 
no significant cbanges 1Il viability of the mouse spleno c yt e s 
after co-culturing with oxalysine at a high conc. of 100 u g / ml 
for 48 hr, wh e r e as the same experimental condition could l e a d to 
almost compl e t e abrogation of th e mi t og e n - induced 
- 7 9 -
lymphoproliferation. It lS obvious that the suppresslon ~7 as n ot. 
due to dir ec t cytotoxi c effect of oxalysine on t h e spl enocytes . 
In addition, this observed suppression did not r es ult from a 
time-shift In the kinet.ic parameter of the mi togen-induc e d 
lymphoproliferative response as long as Qxalysine co-existed with 
the splenocytes in the culture. However, after splenocytes were 
preincubated with 50 or 100 ug/ml oxalysine for 24 hr or less, 
the mi togenic response to Con A was enhanced as compared to the 
con t r 0 1 . T his m i 9 h t be a ph E.: n 0 I!\ e n 0 Il due to ash i f t 1 nth e 
kinetics of the response of splenocytes. 
A crucial first step In thE-'; activation of lymphocyte by 
a mitogen is the binding o f that mitogen to the lymphocyte cell 
surface (stobo, 1977). The macrophages play an accessory role in 
processing and presenting the mitogens to the appropriate subsets 
of 1ymphocytes for s timula tion (Rosens treich et al_. I 1976). 
Gunther and Wang (1974) have demonstrated that when a-methyl-D-
mannoside (a-MM) I the competitive inhibitor of Con A, was added 
24 hr .after the splenocyte culture had been exposed to Con A , no 
inhibi tion vlas observed. They concluded tha t once the cell 1S 
committed to trans-formation, the pres e nce of Con A is no longer 
required. However I from the time course studies it was found tha t 
the mitogen-induced lyrnphoproliferative response was markedly 
reduced even when oxalysine was added 36 hr after the initiation 
of cultures. When splenocytes were preincubated with oxalysine 
in the presence of Con A for 24 hr, no significant loss in the 
lympho.prpliferative ability was observed. This indicates that the 
suppressive effect of oxalysine on mitogen-induced 
- 80 -
,lymphoproliferation was r e adily reversibl e within 2 4 hr wh e n t h e 
drug V\Tas removed. The late events of lymphoproliferation ar e 
probably affected by oxalysine. However, whether oxalysin e mi g h t 
also interfere w-ith the early events of lymphocyte activati o n 
await further investigation. 
Hadden (1988) stated that T lymphocytes are trigger e d 
to proliferate by at least two signals. Lectin mitogens induce 
T cells to enter a Gl phase from a resting GO phase of th e c e ll 
cycle, to enlarge and to synthesize protein and RNA 
(blastogenesis). The lymphocyte enters DNA synthesis (S ph·ase) 
only when a second signal IL-2 lS presented by the primed 
lymphocytes. As Xu et al. (1980) reported that oxalysine may act 
as an antagonist of lysine metabolism and depression of 
fibrinogen synthesis, it may appear that oxalysine inhibits the 
process of protein synthesis during blastogenesis. Further 
experiments should be performed to elucidate this. 
IL-2 functions to mediate a switch in T cells from Gl 
into the proliferative phases (ie, S, G2 and M) of the cycle, and 
continuous protein synthesis is required during Gl phase for cell 
eye 1 e pro 9 res s ion ( Ken d a 11 ( 1 9 8 4). rr he pr e s en t e ;..~p e r i TIt c- n tal 
results showed that administration of oxalysine did not affect 
the production of IL-2 from mouse splenocytes. This indicat e d 
that treatment of mice with oxalysine did not interfere with the 
IL-2 producer cells in the production of IL-2 once stimulated 
with Con A. However, splenocytes preincubated with oxalysine in 
vitro produced more IL-2 in thE: culture supernatant than t h a t 
- 81 
Q f t 11 e con t r 0 1. T 11 i s l s a l sop r ob a b 1 y d '-H.: to a s h i f t 1. Il t l "!l:: 
kin e tics of th e r e sponse of th e prime d T lymphocyt e s. 
The ··.fact that IL-2 containing medium could par t i a lly 
reconstitute the suppressive effect of oxalysine (50 ug / ml ) o n 
Con A-induced lymphoproliferative response provided additiona l 
evidence indicating that oxalysine interfere with later Ev e nts 
in mitogenic response, wh e reas IL-2 is a critical d e t e r minan t 
for the proliferation of the lymphocytes. 
Huang ~~ al_. (1983) stated that a high dose of oxaly~in e 
did not cause any mitotic delay in V79 cells. They also sugg e sted 
that oxalysine may have no direct effect on DNA replication. As 
reported by XU et al. (1980) r oxalysine was associated with an 
antagonistic action on lysine metabolism and depression of 
fibrinogen synthesis which accounts for its antitumor ac t i v it y . 
It may happen that oxalysine interf e res v~ith th e prot e in 
synthesis of the cells In the interphase of th e cell c ycl e . 
The mechanism of inhibi tion of oxalysine on m l t.o g en-
induced lymphocyte transformation remains obscur e . Further study 
using labelled oxalysine to investigate the transpor t of 
oxalysine into lymphocyte is essential. Cytotox ic o r cy t ost atic 
tests on synchronised cells can also be performe d t o d emonstra~ c 
if the suppressive effect of oxalysine is cy c l e -specific. 
- 82 -
Results 
3 . 4 • 1 Cytotoxicity of Ox~lysine on Various Tumor Cell Lines 
Oxalysine was tested for direct cytotoxic effect. . on 
varlOUS murlne tumor cell lines. The turnor c e ll lines tested 
included MBL-2, NS-l and PUS-l.8 derived from cells of the immune 
system and L929 derived from fibroblasts of mice. Different conc. 
of oxalysine (Of 50, 100 and 200 ug/ml) were co-cultured with the 
tumor cells at 37°C for 24 and 48 hr. The percentage viability 
of the cells was then assayed by the trypan blue dye exclusion 
method (Philip, 1973). 
From Table 3.4.1, it: lS clear that o x alysine exhibi te d 
no cytotoxic effect on MBL- 2 and PUS-l. 8 c e lls after an 
incubation period of 24 hr. Ho we ver, th e r e was n signifi c an t 
decrease in the viability of NS-l c e lls aft:er in c ubation wit: l1 a 
higher conc. of oxalysine (100 and 200 ug/rnl) for 2 4 hr. ~-li t h t he 
exception of PUS-l.8 cells, which were rath e r resistant t: o 
oxalysine, the percentage viability of both MBL- 2 and NS-l cells 
decreased significantly in a dose-de p e ndent manner aft e r a 4 8 hr 



















































































































































































































































































































































































































































































t e st e d on another IlIUrlne turn~r cell L929 . Th is tum o r c~ lJ. li n e; 
was adherent in nature and the cytotoxic eff ec t wa s n\ eas u r ~ d by 
the neutral red uptake method and resul ts we re e x pr ess e d as 
percentage viability with reference to th e control cul t u r~ 
without oxalysine. As shown ln Table 3.4.2, ther e was n o 
significant change in viability of L929 cells even after 4 8 hr 
incubation with different conc. of oxalysine. 
It appeared that oxalysine exhibited no appreciable 
effect on viability of the tumor cells after an incubation period 
of at least 24 hr. This indicates that oxalysine did not exert 
any immediate cytotoxicity against the cells. 
3 . 4 . 2 Cytostatic Effect of Oxalysine on Various Tumor Cell 
Lines 
The cytostatic effect of oxalysine, as revealed by the 
growth inhibitory activity in turnor cell lines, was determined 
by co-cuI turing different conc. of oxalysine (0-200 ug / rnl ) \,..ri t h 
various tumor cells at 37°C for 24 and 48 hr, followed by a pulse 
labelling separately with 3H-thymidine ( 3H- TdR ), 3H-uridinE:: ( -' H-
Urd) or 5H-leucine ( 3H- Leu ) for 6 hr and results were express e d 
as percentage suppression wi~h reference to the control. 
Fig 3.4.1 to 3.4.5 indicat e d the cytostatic activity of 
different conc. of oxalysine on various tumor cell line s 
in cl u din g PUS - 1 . 8, r1 B L - 2 , N S --1, VJ EH I - 3 B, rat he pat 0 m Cl H J 5, hum Cl n 
choriocarcinoma JAR and L9 2 9 respectively. The four suspe nsi on 
- 85 -
Table 3.4.2 The effect of oxalysine on the % viability of 
L929 cells 
a 
Oxalysine % viability a 
( ug/ml ) 
24 hr 48 hr 
o 100 100 
50 103.3 ± 2.7 98.9 ± 2.9 
100 101.1 ± 3.1 95.2 ± 0 
200 96.7 ± 2.7 96.5 ± 4.5 
The % viability of L929 cells was determined by neutral red 
uptake method. Results are presented as % viability with 
refe.rence to the control cuI ture wi thout oxalysine and 
expressed as mean of triplicate readings ± S.D. 
- 8 6 -
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Fig 3.4.1 The cytostatic effect of oxalysine (OXL) 
represented as % suppression of 3H-thymidine (0), lH-uridine 
( .) and 3H-leucine (6.) incorpora tion of the control) on the 
growth of PUS-l.8 cells after incubation at 37°C for A) 24 hr and 
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Fig 3.4.2 The cytostatic effect of oxalysiue (OXL) ( 
represented as % suppression of JH-thymidine (0) I JH-uridine 
( .) and JH-leucine (6.) incorporation of the control) on the 
growth of MBL-2 cells after incubation at 37°C for A) 24 hr and 
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Fig 3.4.3 The cytostatic effect of oxalysi~e (OXL) 
represented as % suppression of JH-thymidine ( 0 ) I jH-uridine 
( • ) and 3H-leucine ( 6 ) incorporation of the control) on the 
growth of NS-l cells after incubation at 37°C for A) 24 hr and 
B) 48 hr. 
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Fig 3.4.4 The cytostatic effect of oxalysiue (OXL) ( 
represented as % suppression of 3H-thymidine (0), JH-uridine 
( .) and 3H-leucine (6) incorporation of the control) on the 
growth of WEHI-3B cells after incubation at 37°C for A) 24 hr and 
B) 48 hr. 
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Fig 3.4.5 The c y to1tatic effect of oxalysine (OXL) (represented as % suppression of H-thymidine incorporation of the control) on 
the growth of A) H35, B) JAR and C) L929 cells after incubation 
at 37 0 C for 24 h I;' (0) and 48 hr (.) . 
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ce ll lines PUS-l.B, MBL-2, NS-l and WEHI-3B all showed v e ry h ig h 
sensitivity towards oxalysine. The percentage suppre ssion of th e 
incorporation of JH- TdR , JH- Urd and JH- Leu increased abruptly 
after a period ·.of only 24 hr incubation with 100 ug/ml oxalys ine . 
PU5-1. 8, NS-l and WEH1-3B cells showed a reduction of 50% 
incorporation of 3H- TdR at a oxalysine conc. of about 25 ug/ml 
while MBL-2 at a conc. of about 50 ug/ml. The percentage 
suppression further increased when the incubation period was 
increased to 48 hr and the oxalysine conc. for 50% suppreSSlon 
of incorporation of JH- TdR for these four cell lines was below 25 
ug/ml. Oxalysine appeared to affect the incorporation of JH- TdR , 
3H- Urd and 3H- Leu to a similar extent in all of these suspension 
tumor cell lines (Fig 3.4.1 to 3.4.4). 
Fig 3.4.5 demonstrated the cytostatic effect of 
oxalysine on three other tumor cell lines with different origins, 
ie, rat hepatoma cell H35, a human choriocarcinoma cell JAR and 
a transformed mouse fibroblast L929, all of which are adherent 
cells. 
The IC 50s for these three tumor cell lines at 24 or 4 8 
hr were obviously higher than that of the suspension cells just 
mentioned. At 48 hr incubation, the approximated 1C 50 5 for 
hepatoma, JAR and L929 were 75, 54 and 117.5 ug/ml respectively. 
Since the rate of growth of these cells were comparatively lower 
than that of the suspension cells, it appeared that rapidly 
dividing cells are more sensitive to the effect of oxalysin e . It 
was unlikely that oxalysine exhibit e d any selectivity towards 
- 92 -
t,urnor cell lines wi th di f f eren t or 19l ns . 
It is also worthy to note that the percentage viability 
of PUS-i.8 cel-Is even In the presence of 200 ug /101 oxalys ine wa s 
high whereas 50% suppreSSlon of proliferation was observed at an 
oxalysine conc. below 25 ug/rnl. This indicates that the grovJth 
inhibi ·tory effect of oxalysine on turnor cells lS cytostatic 
rather than cytocidal. 
The of oxalysine (conc. inhibiting 50% 
') 
incorporation of .lH-TdR) on various turnor cell lines are list-cd 
and compared in Table 3.4.3. 
In the following section, PU5-l.8 cells were employed 
1n 1n vivo assay to investigate if oxalysine may suppress the 
turnor size or prolong the survival period of turnor bearing rn1ce. 
3.4.3 Effect of Oxalysine on the Survival of Turnor-Bearing 
Mice 
In the previous section, oxalysine was demonstrated to 
have potent cytostatic effect on various tumor cell line s. The 
in vivo antitumor activity was also studi E; d in this experiment. 
Two transplantable turnor cell lines PU5-l.B and MBL-2 which may 
grow as ascites tUInor in syngeneic hosts, were inoculated into 
BALB/c mice and C57BL/6J rn1ce respectively (lxlO b / mouse). 
Oxalysine (160 rng/kg) or PBS (control) was i.p. adrnirlistered to 
each mouse consecutively for 7 days. The effect of oxalysine on 
- 9 J --
Table 3.4.3 ICsos of oxalysine on various tumor cell lines 
IC50s of oxalysine ( ug/ml ) * 
Cell lines Incubation period 
24 hr 48 hr 
PU5-1.8 22.5 22.5 
MBL-2 56 . 0 47.5 
NS-l 27.5 22 . 5 
WEHI-3B 22.5 22.5 
H35 62.5 75.0 
JAR 87.5 54.0 
L929 142.0 117.5 
* Conc. inhibiting 50 % cell growth as revealed by the 
thymidine incorporation test. 
- 94 -
the survival of tumor b t=a ring mlce was assayed by recording Lt (; 
period of survival of each mouse ln the drug-treat ed and the 
control groups. 
Fig 3.4.6 indicated that oxalysine at a dosage of 160 
mg/kg, after consecutive daily i.p. administration for 7 days, 
had no effect on prolonging the survival period of PU5--1. 8 
bearing mice. Similar results were also obtained from another set 
of experiment uSlng t·lBL-2 bearing mlce for measurement of 
survival period after treatment with oxalysine (Fig 3.4.7). These 
results suggested that oxalysine under the prescribed scherne""of 
administration did not have any effect on the survival of the 
ascites tumor bearing mice. 
3.4.4 Effect of Oxalysine on the Growth of Transplantable 
Tumor Cells In Vivo 
Many drugs inhibit the growth of turnor cells In V1V O 
without prolonging the survival period of the t.umor bearing 
animals. In the preVlOUS section, oxalysine was demonstrated t o 
have no effect on the survival of ascites tumor bearing mice. 
However, its effect on r.he groHth of tumor cells In V1VO was 
still unknown. 
In this experiment, a syngeneic tumor cell line PUS-l. S 
was implanted into BALB/c mice in groups of 6 (1 x lo t cells ! 
mouse). On the next day, oxalysine was i. p. administered to each 
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o 10 20 
ti me after tumor inoculation 
( days) 
30 
Fig 3.4. 7 Survival of MBL-2 bearing mice following i. p. 
treatment with oxalysine (160 mg/Kg) (A) or PBS (control ) ( 0 ) 
from day 1 - 7 after inoculation of tumor cells. 
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administered t o each mou se in th e con trol group . T h e: o ;'cClly!..;i n e 
treatme nt was continued consecutive ly fo r 7 days . Th e numb er of 
viable PUS-l.8 cells recoverabl e f r om th e p erit on e al cav ity of 
mice 10 days r?st tumor challenge were the n count e d. Ta bl e 3 . 4 .4 
showed that there was no significan t difference in th e a v e rage 
number of viable PUS-l.8 cells b e twe e n the ox alysine - t r e at e d and 
the control group. This suggests that o x alysin e may no t act as 
an effective antitumor agent against PUS-1.8 c e lls 1n YlVO u n der 
this scheme of administration. 
- 98 -
Table 3.4.4 Effect of oxalysine on the growth of PUS-l.8 








( x 10 cells 
12.7 ± 3.7 
11.1 ± 1.4 
BALB/c mice were injected 1. p. wi th a syngeneic 
transplantable tumor PU5-1.8 (106 per mouse) on day o. 
Oxalysine (160 mg/Kg) or PBS was i.p. injected to mice from 
day 1 to day 7. Tumor size on day 10 post turnor challenge 
was measured. 
Data are expressed as means ± S.D. for groups of 6 mlce. 
- 99 .-
Discussion 
----. ----- - ---
Oxalysine was demonstrated to have no direct cytotox ic 
effect on normal mouse splenocytes In the las t section.In this 
section, oxalysine was tested for cytotox ic and cytostatic 
effects on various tumor cells. It was found that oxalysine 
exhibited no appreciable effect on viability of the tumor cells 
after an incubation period of at least 24 hr. Thus oxalysine did 
not exert any immediate cytotoxicity against the cells. Howev~r, 
a potent cytostatic effect was observed when low cone. of 
oxalysine was incubated with various tumor c e lls for 24 hr. This 
indicates that the effect of oxalysine on the tumor cell 1S 
cytostatic rather than cytocidal. In addition, the patterns of 
suppression of the incorpora tion of 3H- TdR , 3H- Urd and 3H- Leu were 
quite similar indicating a remarkable inhibition on DNA, RNA and 
protein synthesis in the tumor cells. 
It was unlikely that oxalysine exhibi tc::d any s e lectivity 
towards tumor cells with different origins. How e Ve r, susp e nsl o n 
cells seemed to be more sensitive to the cytotoxic a nd cytostatic 
effects of oxalysine than adherent cells. The adher e nt c e lls used 
in the present study grow more slowly than that of t h e susp e nsi o n 
cells. This implies that the effects of oxalysine are mor e 
significant on rapidly dividing cells. Yue e~ al_. (1979) h a v e 
.. 
reported that oxalysine 1S very eff e ctive 111 inh ibi t. ing th e 
growth of several solid tUInors. Th E-; mechanism of i nh ib i tio n is 
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d u e to an antagonistic action on lysine metabol ism a n d 
depr e ssion of fibrinogen synthesis. In this section, it was 
demonstrated that oxalysine inhibi ted the growth of varlOU S 
tumors in vit.ro, and the mechanism is still unclear. It appears 
that oxalysine inhibi ts the protein synthesis of rapidly dividing 
cells. 
Other amlno acid derivatives have also been found to 
have antitumor activity against various types of tumors including 
ascites and solid turnor cells (Fukushima and Toyoshima, 1975). 
They inhibit turnor growth and prolong the life span of turnor 
bearing animals. One of these is the N-ethyl carbaminomethyl-L-
isoleucine, which also has remarkable inhibiting effect on DNA, 
RNA and protein synthesis in turnor cells. vIe have also tested for 
the growth inhibitory effect of oxalysine on an ascites tumor 
PUS-1.8 in vivo. However, there was no significant difference in 
both the tumor size and survival period of the animals between 
the oxalysine-treated group and the control group. This suggests 
that the potent cytostatic effect of oxalysine on PUS-l.8 cells 
in vi tro has found no way in inhibi ting the growth of the asci tes 
tumor in vivo or in prolonging the survival period of the turnor 
bearing mlce under the prescribed scheme of o:~alys ine 
administration. 
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3.5 General Discussion 
The term 'immunosuppressive agent applies to a group o f 
compounds with cytotoxic and antiproliferative properti e s 
belo~ging to such classes as alkylating agents, antimetabolit e s 
and antimitotics (Floersheim, 1979). At one time, our preliminary 
experimental data indicated that oxalysine at a subtoxic dos e 
exhibited potent inhibitory effect on mitogen-induced lymphocyte 
transformation. We speculated that oxalysine might be a potent~. ~l 
immunosuppressive agent. However, results from further 
experiments suggested that oxalysine had no significant 
modulatory effect on both humoral and cell-mediated lmmunE 
response. Oxalysine markedly suppressed mitogen-induced 
lymphoproliferation as well as the growth of actively dividing 
tumor cells In vitro, but no inhibitory effect was observed on 
the growth of tumor cells In VlVO following treatment wi th 
oxalysine. This implies that oxalysine exerts a very direct. 
effect on the target cells. Ranney (1975) has also stated that. 
a factor can be considered to inhibit cell division direct.ly o nly 
if it decreases either the division of unstimulated lymphocytes 
or the division of stimulated lymphocytes subsequent to th e fu ll 
period of activation and following the removal of the activator. 
In this chapter, we noted that oxalysine indeed decreased th e 
division of unstimulated lymphocytes and from the time cours e 
study, a significant suppression on the mitogen-induced 
lymphoproliferation was observed e ven when oxalysine was add e d 
- 10 2 --
36 hI' after the initiation of th e cul t ur e . Al t hough we c a nn ot 
draw conclusion from our experime rltal results regarding whet h er 
oxalysine affects the early events of lymplloproliferation, i t 1 S 
more likely -t ·hat oxalysine inLerferes with th e laLer events of 
cell division with the reason just mentioned. 
Whether oxalysine exerts its effect on the cell surface 
or inside a cell is not yet known. However, it is interesting to 
note that the suppressive effect of oxalysine on mitogen-induced 
lymphoproliferation was readily reversible within 2 4 hr when the 
drug was removed. In addition, Lu et al. (1988) have repo~_ted 
that once the penetrating efficiency of oxalysine has improved, 
its antimicrobial activity also increased. This indicates that 
oxalysine may exert its effect after transportation through the 
membrane into the cell. Though the mechanism of inhibition is 
still obscure, Yue et al. (1982) have suggested that oxalysine may 
affect fibrinogen synthesis ln tumor bearing mice. Hence, we 
speculate that oxalysine may interfere with the protein synthesis 
of rapidly dividing cells. So i L may happen that Lhe rapidly 
dividing cells facilitate the transportation of oxalysine into 
the cells, resulting in its antiproliferative activity due to 
inhibition of protein synthesis or through othe r unknown 
mechanisms. 
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Chapter 4 The Irnmunomodulatorl aI1d~totoxic Properties o f 
L.tJ.f f acul in (LFC) 
4.1 Introduction 
Many ribosome-inactivating and abortifacient proteins 
have been purified from plants of the Cucurbitaceae family and 
it appears that these proteins are especially abundant ln the 
Cucurbitaceae and other families (Gasperi-Campani et al. ,1985; 
Ng et al. ,1989). The ridge gourd, Luffa acutangula, of the family 
of Cucurbitaceae, is a plant widely cultivated in many tropical 
and subtropical regions and is frequently used ln the Orient as 
a foodstuff or as a tonic. Recently, a protein designated as 
luffaculin (LFC) was isolated from the seeds of this species and 
was reported to exhibit ribosome-inactivating and abortifacient 
activities (Yeung et al.,1991). It is immunologically distinct 
from luffin a and b isolated from the species Luffa cylindrica, 
of the same genus of Luff~ acutangula (Kamenosono ~t al_., 1988). 
Luffin also exhibits potent protein synthesis inhibitory 
activities, but is weakly cytotoxic towards murine leukemia L1210 
cells (Kishida et al.,1983). 
LFC is a glycoprotein with molecular weight of 28,000 
and an amlno acid composition similar to other ribosome-
inact1vating and abortifacient proteins isolated from members of 
the Cucurbitaceae family. It is also distinct from the dime ric 
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l e ctin isolated from the exudate of the fru its of Luff a 
acutangula (Anantharam et al. ,1986). This lectin, which 1S 
specific for chito-oligosaccharide, has a molecular weight of 
48,000 and 1S not a glycoprotein. In view of the grow1ng 
importance of RIPs ln the construction of immunotoxins for 
treatment of cancers and heterograft rejections, al ternate toxins 
that are immunologically distinct would be useful in preventing 
the formation of antitoxin antibodies (Ramakrishnan and Houston, 
1985) . 
Recently, one of the ribosome-inactivating and 
abortifacient proteins TCS was found to inhibit human 
immunodeficiency virus (HIV) replication ln acutely and 
chronically infected cells of lymphocyte and mononuclear 
phagocyte lineage (McGrath et al. ,1989). With respect to the 
similarities of many physicoche~ical and biological activities 
between TCS and proteins from other members of the Cucurbitaceae 
family, the potential anti-HIV activity of these proteins remain 
to be investigated. 
In this chapter, some biological properties of LFC are 
examined and compared with that of TCS. These include 
immunomodulatory, ln vitro cytotoxic and cytostatic activities. 
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4.2 Immunomodulatory Activities of Luffaculin 
4.2.1 
Results 
Lack of Direct Cytotoxic Effect of Luffaculin on 
Mouse Splenocytes In Vitro 
Before studying the immunomodulatory activities, LFC was 
first tested for possible cytotoxicity on normal mouse 
splenocytes after co-incubation at 37°C for 24 and 48 hr. Viable 
cells were then counted by the trypan blue exclusion method 
(Philip, 1973) and results were expressed as % viability. As 
shown ln Table 4.2.1, there was no appreciable decrease in 
viabili ty of the splenocytes after 24 hr co-incuba tion wi th 
various conc. of LFC (0, 1, 10, 50 and 100 ug/ml). However, after 
48 hr incubation, the % viability of splenocytes slightly 
decreased as the conc. of LFC increased to 50 ug/ml. This 
indicated that LFC was slightly cytotoxic to mouse splenocytes 
at higher conc. after 48 hr incubation. However, no direct. 
cytotoxicity was observed when the LFC conc. was at or below 50 
ug/ml. 
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Table 4.2.1 Effect of LFC and TCS on the % viability of 
BALB/c normal spleen cells (NSC) 
% viability* of NSC after incubation with 
Protein 
Conc. LFC TCS 
(ug/ml) 
24 hr 48 hr 24 hr 48 hr 
' --
0 72.9 ± 5.7 57.4 ± 2.4 72.9 ± 5.7 57.4 ± 2 . '4 
1 63.6 ± 0.0 59.7 ± 1.1 70.5 ± 0.2 52.5 ± 2.5 
10 75.5 ± 3.7 59.3 ± 2.3 67.1 ± 2.9 50.9 ± 0.6 
50 66.7 ± 1.9 49.5 ± 1.0 64.1 ± 1.0 47.6 ± 2.7 
100 65.3 ± 1.6 41.2 ± 7.2 64.9 ± 2.6 54.3 ± 0.7 
* The % viability was determined by cell counting using the 
trypan blue dye exclusion method. Results are expressed as 
the mean of triplicate counts ± S.D. 
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4 . 2 . 2 Effect of Luffaculin on th e Prolif e r a ti o n QL.~Q~§ ~ 
-----~--- -.- --- -- - ------- --.- - -. - - . -------- ------ - _. - -.---- --- ---- -- -- -- ------ ----
Splenocytes 
LFC .was examined for any possible mitogenic effect by 
co-culturing with mouse splenocytes at different conc. (0, 0.1, 
1, 5, 10 and 50 ug/ml) at J7°C for 48 hr. The cultures were then 
pulsed with 0.5 uCi JH- TdR per well for 6 hr and harvested. The 
radioactivity incorporated by the splenocytes was counted and the 
re suI ts are shown in Fig 4.2.1. I t was clear tha t LFC did not 
show any mitogenic effect on mouse splenocytes. Instead, the DNA 
synthesis of the splenocytes decreased as the conc. of the 
proteins increased. The pattern of suppression of DNA synthesis 
by LFC was very similar to that of TeS, a ribosome-inactivating 
and abortifacient protein which ha.s been shown to have definite 
immunosuppressive activities (Leung et al.,1986) 
4.2.3 Inhibition of the Mitogen-Induced Lymphocyte 
Transformation N Luffaculin 
Various conc. of LFC and TCS (O, 0.1, 1, 5, 10 and SO 
ug/ml) were co-cultured with mouse splenocytes III the presence 
of optimal conc. of different mitogens including Con A (3 ug/ml) I 
PHA (30 ug/ml), LPS (30 ug/ml) and DS (60 ug/ml). After 
incubation at 37°C for 48 hr, the cultures were pulsed with J H-
TdR and harvested 6 hr later. Results from Fig 4.2.2 to 4.2.5 
indicated that LFC significantly suppressed the mitogen-induc e d 
lymp~oc~te transformation in a pattern very similar to that of 























0.10 1 .00 1 0.00 100 .00 
pro ten COil c. ( u 9 // nll ) 
( log '1 I] se 0 1 e ) 
Fig 4.2.1 Effect of LFC and TCS on the proliferation of mouse 
splenocytes 
5x10 5 mouse splenocytes were co-cultured with different conc. of 
LFC (.) and TCS (0). After an incubation period of 48 hr, 
cultured cells were given a 6 hr pulse with 0.5 uCi/well 3H- TdR 
and radioactivity incorporated was determined. 
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Fig 4.2.2 In vi tro effect of LFC and TCS on Con A-induced 
lymphocyte transformation 
Mouse splenocytes were stimulated with 3 ug/ml of Con A in the 
presence of different conc. of LFC (.) and TCS ( 0 ) for 48 hr 
following a pulse labelling with JH- TdR and radioactivity 
incorporated was determined . 
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Fig 4.2.3 In vi tro effect of LFC and TCS on PHA-induced 
lymphocyte transformation 
Mouse splenocytes were stimulated with 30 ug/ml of PHA in the 
presence of different cone. of LFC (.) and TCS ( 0 ) for 48 hr 
following a pulse labelling with 3H- TdR and radioactivity 
incorporated was determined . 
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Fig 4.2.4 In vi tro effect of LFC and TCS on LPS-induced 
lymphocyte transformation 
Mouse splenocytes were stimulated with 30 ug/ml of LPS i n the 
presence of different conc. of LFC (.) and TCS ( 0 ) for 48 hr 
following a pulse labelling wi t h 3H- TdR and radioactivity 
incorporated was determined. 
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Fig 4.2.5 In vitro effect of LFC and TCS on DS-induced 
lymphocyte transformation 
Mouse splenocytes were stimulated with 60 ug/ml of DS in the 
presence of different conc. of LFC (.) and TCS ( 0 ) for 48 hr 
following a pulse labelling with JH- TdR and radioactivity 
incorporated was determined. 
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it was found that LFC appears to be mor e iIlhibitory to t h e PEA 
response as revealed by a significant suppreSSlon even a t a 
protein conc. as low as 0.1 ug/ml. This result was similar t o 
that of TCS 'as reported by Leung et al. (1986). 
4.2.4 Effect_ of Luffaculiq on Delayed_~~ __ kI...LRersensitiviI.Y, 
(DTH) Response 
In this experiment, the effect of LFC, compared with 
that of TCS, on DTH response ln mlce was examined. The proteins 
were adminis tered 1. p. (4 mg /Kg) 2 days bef ore t.he mice were 
injected i.v. with 10 6 SRBC. Antigen challenge was followed 4 
days later and the DTH response was expressed as % increase in 
footpad thickness of the mice. Results from Table 4.2.2 showed 
tha t LFC and TCS, in a very similar manner, exhibited a 
significant suppreSSlve effect on the in V1VO induction of DTH 
response at both 24 and 48 hr after challenge. 
4.2.5 1n Luffaculin 
Treated Mice 
BALB/c mlce 1n groups of 3 were either i.p. treated with 
LFC or TCS (4 mg/Kg) or an equal volume of PBS 2 days before 
immunization wi th SRBC. The splenic plaque forming cells were 
counted 4 days later and the results are shown in Table 4.2.3. 
It 1S obvious that when mlce were pretreated with the 
aborti"facient proteins LFC and TCS before sensi tiza Lion wi t h 
SRBC, a marked inhibition on the production of splenic plaqu e 
- 114 -
Table 4.2.2 The effect of LFC and TCS on DTH responsea 
Mice treated 
with 







61.7 ± 5.3 
40.7 ± 5.5b 
39.2 ± 3.1b 
48 hr 72 hr 
33.1 ± 6.3 13.5 ± 4.7 
20.4 ± 2.3c 9.7 ± 1.9 
14.1 ± 3.1b 6.4 ± 1.4c 
BALB/c mice in groups of 6 were i.p. injected with a single 
dose of LFC or TCS (4 mg/Kg) or an equal vo(ume of PBS 
(control) 2 days before sensitization with 10 SRBC. Four 
days after antigen sensitization, each mouse was challenged 
with 108 SRBC into the right hind footpad. The DTH response, 
as determined by the % increase in footpad thickness ± 
S.D., was measured 24, 48 and 72 hr after antigen 
challenge. 
Significantly different from control (b p<O.OOl; C p<O.Ol). 
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Table 4.2.3 Effect of in vivo treatment with LFC and TCS 








Plaque ffrming cell (PFC) per 
10 splenocytes 
1690 ± 98 
430 ± 35b 
703 ± 70b 
BALB/c mice in groups of 3 were i.p. injected wtih a single 
dose df LFC or TCS (4 mg/Kg) or an ' equal volume of PBS 
(control) 2 days before immunization with SRBC (4x108 given 
i.p.). The number of plaque-forming cells per 106 mouse 
splenocytes was enumerated on the 4th day post ~RBC 
administration using the Cunningham' s modified hemolytic 
plaque assay. 
Significantly different from control, p<O.OOl. 
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, fo r m i n g ee 11 sag a ins t the an t i g e n id Cl ~; 0 b s er v (? d. L F C ap p E: a r . -cl l ~ U 
e l icit a slightly stronger suppression than tha t ot T CS . 
4. 2 .6 
._---- _. 
In Vi tro 
Various cone. of LFC and TCS (0, 1, 10 , 50 an ci 1 0 0 
ug / ml) were preincubated with thioglycollat~-elicited mouse 
peritoneal macrophages which had been attach E;d t o t h e bo t t om o f 
the wells of a 24-well microtiter plat e at 37°C for 6 hr. Cells 
were then Hashed vJi th PBS to remove th e proteins and a ny d e tached 
cells, followed by addition of stained yeast cells as targets for 
phagocytosis and the cell mixtures were incubat e d a t 37°C f o r 1 
hr. Unphagocytized yeast cells were washed away with PBS and ~h2 
number of yeast cells phagocytized per macrophage was determined 
by spectrophotometric assay. Results in Table 4.2.4 showed that 
the number of stained yeast cells phagocytized per peritoneal 
macrophage decreased as the conc. of the ribosome-inactivating 
and abortifacient proteins that were used for preincubation with 
the macrophages increased. This indicated t.hat LFC significantly 
in hi bit e d the .!.Q. vi t r 0 ph ago c y tic £ un c t i 011 0 f t 11 0 t h i 0 <J 1 y e G 11 2 ~ e --
elicited mouse peritoneal macrophage in a dose-dependent manner 
very similar to that of TCS. 
4. 2 .1 
LF C and T e S, at diff e rent cone. (0, 1, l ll , S0 a n d l l) U 










Effect of LFC and TCS on the in vi~ro 
phagocytic activity of mouse peritoneal 
macrophagesa 
Number of yeast cells per peritoneal 
macrophage preincubated with 
LFC TCS 
7.02 ± 0.22 7.02 ± 0.22 
6.67 ± 0.23 6.25 ± 0.56 
5.04 ± o .19b 5.48 ± 0.27 b 
4.40 ± O.43b 5.92 ± o .13b 
4.39 ± O.25b 4.82 ± o . 72 c 
a 5x105 peri toneal macrophages were preincuba ted wi th 
different conc. of LFC or TCS at 37°C for 6 hr. Proteins 
and detached cel~s were removed by washing followed by 
addi tion of 3x10 Congo red-stained yeast cells. After 
incubation at 37°C for 1 hr, unphagocytized yeast cells 
were washed away and the number of yeast cells per 
macrophage ± S.D. was determined. 
b,c Significantly different from control (b p<O. 005; c p<O. 01) 
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u g / ml ) , we r e p re incuba ted wit.h p icol i ni c acid - activdt c.: d 
pe r itoneal macrophages which had been at t ached t o the bo t t om of 
the wells of a 96-well microtiter plate a t 3 7°C for 6 hr. 
Proteins and any detached cells were removed by washing with PB S , 
followed by addi tion of MBL-2 cells as target cells ln th e 
presence of LPS. After incubation at 37°C for 48 hr, the wells 
were pulsed with 3H- TdR to test for the proliferation of the MBL-
2 cells. From Table 4.2.5, it was obvious that in the presence 
of cytostatic macrophages, the proliferation of MBL-2 cells was 
greatly inhibited (78% suppression). However, macrophages that 
were pretreated with ribosome-inactivating and abortifa·ci e nt. 
proteins lost their ability to induce cytostatic activity against 
MBL-2 cells dose-dependently. These results suggest that LFC can 
suppress macrophage function in vitro in very similar pattern to 
that of TCS. 
4 . 2 . 8 Production of Interleukin-2 from Splenocytes of 
Luffaculin-Treated Mice 
BALB/c mlce ln groups of 4 were l.p. treated with LF C , 
TCS (4 mg/Kg) or an equal volume of PBS. Splenocyt e s were 
obtained from each group 2 days later and co-cultured wi th Con 
A at 37°C for 24 hr in the wells of a 24-well micr o titer pla t.e . 
Supernatants were harvested and tested for IL- =: ac tiv i ty by 
maintenance of proliferation of the IL-2 dependent CTLL-2 c ells . 
Results from Fig 4.2.6 indicated that in vi~o a dminis t r at i on of 
either LFC or TCS may render the mous e to hav e a low e r capa c i ty 
in production of IL-2 once stimulated with Con A . 












Effect of LFC and TCS on macrophage-mediated 
cytostatic activitya 
% cytostatic activity mediated by 
macrophages preinctlbated with 
LFC TCS 
78.5 ± 0.9 78.5 ± 0.9 
28.2 ± 0.6b 37.9 ± 3.9b 
27.7 ± 4. Ob 18.7 ± 1. Ob 
20.6 ± 2.7b 22.1 ± 4 . 6b 
20.6 ± 1.2b 28.9 ± 3.7b 
Picolinic acid-activated peritoneal macrophages (2x10 5) were 
preincubated with different conc. of LFC or TCS at 37°C for 
6 hr. Proteins were removed by washing followed by addition 
of 104 MBL-2 cells to the attached macrophages and incubated 
at 37°C for 48 hr. Cytostatic activity of the rnacrophages 
was measured by their ability to inhibit growth of MBL-2 
cells, as determined from the 3H- TdR incorporation of the 
MBL-2 cells grown in the presence or absence of peritoneal 
rnacrophages. 
Significantly different from control, p<O.OOl. 









































































































































































































































































































































































































































































































The ribosome-inactivating and abortifacient protein LFC 
itself has no mitogenic effect on mouse splenocytes. At non-
cytotoxic conc. t this protein significantly inhibited the 
mitogenic response of mouse splenocytes to Con A, PHA, LPS and 
DS in a dose-dependent manner. Since both Con A and PHA are T 
cell mitogens, suppression of their stimulation for lymphocyte 
transformation by LFC indicated that this protein might affect 
the T cell population. T cells are heterogenous in nature and T 
cell subpopulations with distinct reactivities to Con A and PHA 
are present in the spleen of the mouse (Stobo et al.,1972). It 
may happen that LFC has a greater effect on certain 
subpopulations of T cells since the protein was more inhibitory 
to the PHA response than to the Con A response. Similar results 
were observed in the case of TCS and MMC as reported by other 
investigators (Leung, 1986; Leung et al. ,1987). The 
administration of LFC to mice also markedly suppressed the in 
V1VO generation of effector T cells mediating the DTH response. 
This T cell subpopulation which mediates the DTH reaction is the 
T-delayed hypersensi tivi ty cells or TD cells (Barnetson and 
Gawkrodger, 1989). Additional evidence demonstrating the effect 
of LFC on T cell populations was the significant decrease in the 
production of IL-2 from Con A-activated mouse splenocytes 
. "-
obtained from mice pretreated with LFC. The lymphokine IL-2 is 
a T cell growth factor produced by T cell subpopulations (Rook, 
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1 9 89) . This indicates that LFC is not only c a pable o f suppr essl n g 
T cell proliferation and affecting the responsiveness of T cell 
subpopulations, but can also reduce the capacity of T c ells , 
either directly or indirectly to liberate lymphokines 1n vitro. 
On the other hand, LFC suppressed the mi togenic response 
to B cell mitogens LPS and DS. The administration of LFC 
significantly inhibited the production of splenic plaque forming 
cells against SRBC. So, it appears that LFC not only affects the 
T cell populations, but also the B cell response. However, since 
SRBC 1S a T-dependent antigen, the suppresslon of anti-body 
formation against SRBC might be due to interference on T helper 
cells and is therefore not a strong evidence demonstrating the 
effect of LFC on B cells. 
Apart from T and B cells, accessory cells such as 
macrophages also play an important role in the induction of 
lmffiune responses. It was found that after preincubation with LFC, 
the phagocytic as well as cytostatic activi ty of macrophages 
significantly decreased. This implies that LFC indeed inhibited 
the in vitro function of macrophages. Stirpe and Barbieri (1986) 
stated that immunosuppressive effect of RIPs occurred only if th e 
protein was administered to mlce some time before and not 
together with, or after, the antigens. This indicates that RIPs 
must act at a very early stage of the immunity forming proc e ss 
affecting a step which is already acccomplished when RIPs gi ve n 
t ogether with antige n hit their target(s). This would be 
c onsistent with the notion of an immunosuppr e ssi ve eff e ct 
- 123 -
mediat e d through th e a ct ion of RI P s on mac roph ag e s . Ho vJ e v er , 
r esults from Leung e t a l. (19 8 6) indicating that the 
administration of TCS 2 days prior to, on th e same day o f , or 2 
days after SRBC sensitization of mice 
--. 
all d e monstrated simil ar 
inhibitory effect on many lmmun c responses. This impli e s t ha t the 
possible cellular targets to b e affected by LF C and othe r simila r 
proteins include T c e lls, B ce lls and macrophag e s. 
Except that LF C suppress e d t he production of splenic 
plaque forming c e lls to a slightly greater e xtent than that of 
TCS , LFC and TCS seemed LO a ff e ct the murine immun e system with 
similar potencies and activi t i e s. 
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4.3 
Various 'Turnor Cell_ Lines 
Re sults 
-------
4 . 3 . 1 Cytotoxicity of Luffaculin on Various Tumor Cell Lines 
LFC was tested for cytotoxicity against tumor cells by 
co-culturing different conc. (0, 1, 10, 50 and 100 ug/ml) of the 
protein with tumor cells at 37°C for 24 and 48 hr. The number of 
viable cells was counted using the trypan blue exclusion method 
(Philip, 1973) and results were expressed as % viability. 
From Table 4.3.1, it was clear ~hat PU5-1.B cells were 
rather sensitive to LFC as the % viability of th e ~umor c e lls 
decreased after co-incubation with LFC for only 24 hr. As the 
incubation time increas e d t.o 4 8 hr, th e % v iabili t y of PU5 -l. 3 
cells decreased significantly in a dose-dependent malln e r. Abou t 
30% of PU5 --1.8 cells remained viable after a 48 hr incuba t i o n 
with 100 ug/ml LFC. The cytotoxicity of TCS to PUS-1.B cells was 
comparable to that of LFC as shown in t.he same table, suggesting 
that PU5-l.B cells became more susceptible to the cytotox icity 
of th e ribosome-inactivating and abortifacient prot e ins as t h e 
incubation time increased. 
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% viability* of PU5-1.8 cells after incubation with 
LFC TCS 
24 hr 48 hr 24 hr 48 hr 
92.7 ± 1.6 94.3 ± 3.2 92.7 ± 1.6 94.3 ± 3.2 
87.3 ± 1.5 80.7 ± 1.8 92.7 ± 2.9 82.7 ± 2.4 
79.7 ± 1.8 48.2 ± 5.1 80.9 ± 4.9 61.5 ± 2.2 
72.8 ± 4.3 27.6 ± 2.3 70.4 ± 2.9 40.7 ± 0.9 
70.2 ± 4.5 31.9 ± 8.6 68.8 ± 2.7 29.3 ± 3.0 
* The % viabili ty of PU5-1.8 cells was determined by cell 
counting using trypan blue dye exclusion method. Results 
are expressed as the means of triplicate counts ± S.D. 
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The cytotoz i c i ty o f thes e proteins to another IIIur J rH : 
tumor cells MBL-2 (a Moloney leukemia virus - induc ed T CE.: ll 
lymphoma of C57BL/6J mice) was obvious only af,-er exposur e t o a 
high conc ~ - ' of 100 ug/ml after an incubation period of 4 8 hr 
(Table 4.3.2). On the other hand, study on L929 cells ( a 
transformed murine fibroblast) indicated that these cells w er~ 
very resistant to LFC or TCS. No significant decreas e In 
viability of the cell~ was observed even after exposure to a hi gh 
conc. of the proteins and for an incubation period of 4 8 h r 
Table 4.3.3 }. 
It appears that the ribosome-inactivating and 
abortifacient proteins do exert appreciable, though not strong, 
cytotoxic effect against some sensitive tumor cell lines after 
a longer period of incubation (48 hr), and the sensitivites of 
the tumor cells towards LFC or TCS were more or less the same. 
4 . 3 . 2 Cytostatic Effect of LFC on Various Tumor Cell Lines 
The cytostatic effe c t of a drug reveals its gro wt h 
inhibitory capability against certain cell lines. It has been 
reported that different c (:: ll lines responded differ e n t ly to the 
gro~th inhibitory eff e c~ ot ribosome-inactivaLing a n d 
ab 0 r t i f a c i en t pro t e ins sue has T C San d I'1 t.1 C (L e un g, 1 9 8 6; T s a 0 c.- ~ 
al., 1986). In order to 8xamln e if LF C a.lS O exerts a simi la l-
selectivity towards turnor cell s , some of the turn~r ce ll l ines 
which have been classified by Le ung ( 198 5) as se n sitiv c:: , 
moderately sensi tive and r e s is t an t to "th e g r o~~th 5 uppr essiv l: 
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% viability* of MBL-2 cells after incubation with 
LFC TCS 
24 hr 48 hr 24 hr 48 hr 
93.2 ± 2.5 91.0 ± 2.6 93.2 ± 2.5 91.0 ± 2.6 
94.4 ± 2.8 88.7 ± 1.3 92.0 ± 1.4 90.2 ± 4.3 
95.4 ± 3.6 89.5 ± 1.2 93.5 ± 5.1 87.5 ± 1.8 
93.6 ± 0.1 88.5 ± 2.7 87.2 ± 0.0 80.2 ± 3.4 
89.2 ± 5.7 71.2 ± 5.9 82.6 ± 4.8 56.1 ± 2.2 
* The % viabili ty of MBL-2 cells was determined by cell 
counting using trypan blue dye exclusion method. Results 
are expressed as the means of triplicate counts ± S.D. 
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% viability* of L929 cells after incubation with 
LFC TCS 
24 hr 48 hr 24 hr 48 hr 
100.0 100.0 100.0 100.0 
101.1 ± 4.0 96.3 ± 0.0 103.2 ± 0.0 102.6 ± 0.0 
94.6 ± 1.5 95.1 ± 1.7 103.2 ± 0.0 101.3 ± 1.7 
96.8 ± 2.6 96.3 ± 3.0 100.0 ± 0.0 103.8 ± 4.6 
101.1 ± 1.5 93.8 ± 1.7 98.9 ± 1.5 90.3 ± 1.7 
* The % viability of L929 cells was determined by neutral red 
uptake method. Results are presented as % viability with 
reference to the control culture (without LFC nor TCS) and 
expressed as means of triplicate readings ± S.D. 
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.e f f e ct of the proteins TCS and Mt-1C were chos e n in t hi s st u dy . Th e 
cells tested included PU5-l.8, human choriocarcinoma JAR, MBL -2 , 
L929 and rat hepatoma H35 cells. Different conc. of the prot e ins 
were co-cul,t;ured wi th the cells at 37°C for 24 and 48 hr, 
followed by pulse labelling with 3H- TdR . The assay for the 
cytostatic effect of TCS on varlOUS cell lines was also followed 
in parallel with that of LFC in order to compare the potency and 
selectivity of these two ribosome-inactivating and abortifacient 
proteins against different tumor cell lines. 
Results from Fig 4.3.1 and 4.3.2 indicated that PU~~l.B 
and JAR cells were very sensitive towards the ribosome-
inactivating and abortifacient proteins. Suppression was observed 
in a dose dependent-manner with an IC 50 at around 2.0 and 0.3 -
0.4 ug/ml for PU5-l.B and JAR cells respectively at 24 hr of 
incubation. The cytostatic effect on PU5-1.8 cells increased 
abruptly when the conc. of the proteins reached 5.0 ug Iml. 
However, there was a 30% suppression for the growth of JAR cells 
when the protein conc. was as low as 0.1 ug/ml and reached a 70% 
suppression when the protein conc. increased to 1.0 ug/ml. This 
indicated that JAR cells were the most sensitive towards these 
proteins even at a low cone. and a short period of e x posure. 
After an incubation period of 48 hr, the 1C50s of both LFC and 
TCS against PU5-l. B cells was around 0.6 0.7 ug / ml. In 
addition, LFC exerted an IC 50 of O.OB ug/ml, which was s maller 
than that of 0.3 ug/ml for TCS against JAR cells, sugg e sting that 
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Fig 4.3.1 The cytostatic effect of LFC (.) and TCS ( 0 ) 
represented as % suppression of JH- TdR incorporation of the 
control) on the growth of PUS-1.8 cells after incubating for A) 
24 hr and B) 48 hr. 
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Fig 4.3.2 The cytostatic effect of LFC (.) and TCS ( 0 ) ( 
represented as % suppression of 3H- TdR incorporation of the 
control) on the growth of JAR cells after incubating for A) 24 
hr and B) 48 hr. 
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MBL-2 and L929 cells we re mor e r e s i s tant to t h e 
cytostatic effect of the ribosome-inactivating and abortifaci ent 
proteins after incubation for 24 hr (Fig 4.3.3 and 4.3.4). Th e 
% suppressidn increased dose-dependently at 48 hr of incubation 
and the 1C~O for both MBL-2 and L929 cells were to be around 15 -
J S 
30 ug/ml. Although the 1C 50 of the proteins for rat hepatoma H35 
cells at 48 hr was about 20 ug/ml, which was almost the same as 
that for MBL-2 and L929 cells, yet the % suppression of growth 
of H35 cells (Fig 4.3.5) at or below protein conc. of 10 ug/ml 
was very low compared with that for MBL-2 and L929 cells. The 
suppression only rose abruptly at protein conc. as high a~ 50 
ug/ml. This suggested that rat hepatoma H35 cells were relatively 
resistant to the inhibitory effect of LFC and TCS, especially at 
lower concentrations of the proteins. 
Thus PU5-1.8 and JAR cells exhibited a very sensitive 
response to the cytostatic effect of the proteins LFC and TCS. 
The response was moderately sensitive for MBL-2 and L929 cells 
whereas rat hepatoma H35 cells were relatively resistant to the 
inhibitory effect of LFC and TCS at lower concentrations of the 
proteins. This pattern of sensitivities of different turnor cell 
lines towards ribosome-inactivating and abortifacieIlt proteins 
was consistent with that reported by Leung (1986). 
The 1C50s of LFC and TCS on various turnor cell lines are 
listed and compared in Table 4.3.4. 
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Fig 4.3.3 The cytostatic effect of LFC (.) and TCS ( O ) ( 
represented as % suppression of 3H- TdR incorporation of the 
control) on the growth of MBL-2 cells after incubating for A) 24 
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Fig 4.3.4 The cytostatic effect of LFC (.) and TCS ( :::; ) 
represented as % suppression of 3H- TdR incorporation of the 
control) on the growth of L929 cells after incubating f or A) 24 
hr and B) 48 hr. 
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Fig 4.3.5 The cytostatic effect of LFC (.) and TCS ( 0 ) 
represented as % suppression of 3H- TdR incorpora tion of the 
control) on the growth of H35 cells after incubating for A) 24 
hr and B) 48 hr. 
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Table 4.3.4 IC50s of LFC and TCS on varlOUS turnor cell lines 
IC 50 s ( ug Iml ) * of 
Cell lines LFC TCS 
24 hr 48 hr 24 hr 48 hr 
PU5-1.8 2.0 0.6 2.0 0.7 
JAR 0.3 0.08 0.4 0.3 
MBL-2 64.0 30.0 45.0 16.0 
L929 >100.0 15.0 >100.0 20.0 
H35 22.5 20.0 25.0 20.0 
* Conc. inhibiting 50 % cell growth as revealed by the thymidine 
incorporation test. 
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Discussion 
The single-chain Type 1 RIPs, lacking a B chain for 
binding, were reported to be nontoxic to intact cells (Barb ier i 
and Stirpe f 1982 ) :. However f some ribosome - inactivating and 
abortifacient proteins might have selective cytotoxicity agains t 
certain cell types. For example, trophoblasts and trophoblast 
derived cells are especially sensitive to TCS (The Second 
Laboratory, 1976; Xiong et al., 1976). In the presen t study ; 0 . . LFC 
was tested for the cytotoxic effect against three murine tumor 
cells including PUS-1. 8 f MBL-2 and L929. PUS-l.8 cells were 
sensitive whereas MBL-2 and L929 cells were relatively resistan t 
to LFC. Although PUS-1.8 cells were found to be more susceptib l e 
to LFC, it is unlikely that the protein exerts a very immediate 
cytotoxic effect against the cells since the cytotoxicity only 
markedly increased after 48 hr of incubation. Results from t he 
cytostatic effect of LFC against various tumor cells reveal ed 
that PU5-l.a and JAR cells were preferentially sensitive to t he 
inhibitory action of the protein, whereas MBL-2 and L929 cells 
were moderately sensitive and rat hepatoma H35 cells were th e 
most resistant at lower concentrations of LFC. LikewiSe, TCS 
exhibited a similar selectivity against different turnor c e l ls . 
The high sensitivity of PUS-1.8 cells towards the abortifaci e n t 
proteins might be due to the phagocytic activity of these c e lls 
which facilitates internalization of the proteins (Leung, 1 986) . 
Although LFC seemed to be mor e inhibitory to the growth of th e 
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human choriocarcinoma J AR c e lls than TCS af ter 4 8 h r inc ubat i o n, 
i~ a ppea r s that these two proteins e xert genera l l y comparabl e 
potencies of cytotoxic and cytostatic action against diff e r en t 
tumor c e l Ls. This suggests that closely related ribosome-
inactivating and abortifacient proteins might be interna liz ed 
into individual cells through similar mechanisms. 
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4.4 General Discussion 
Some ribosome-inactivating and abortifacient proteins 
isolated from different plants of the Cucurbitaceae family were 
shown to have immunosuppressive and potential antitumor 
activities (Leung et al. ,1986; Leung et al. ,1987). Recently, a 
glycoprotein designated luffaculin (LFC), isolated from the seeds 
of Luffa acutangula of the family of Cucurbitaceae, was found to 
exhibit abortifacient and protein synthesis inhibitory activities 
I (Yeung et al. ,1991). In the present study, this protein at 
nontoxic dosages was demonstrated to exert a suppressive effect 
on both humoral and cell-mediated immunity in mice. It appears 
that the protein not only affects the T cell population but also 
the B cell response. Stirpe and Barbieri (1986) have suggested 
that RIPs exert a strong inhibitory effect on the production of 
antibody-secreting cells in response to the administration of a 
T-dependent antigen, with no or little effect on the antibody 
formation against a T-independent antigen. This may imply that 
T cell population is the major target of the inactivating action. 
Results in this chapter also showed that the phagocytic 
and cytostatic activi ties of macrophages were suppressed by prior 
exposure of the cells to LFC in vitro. As macrophages play an 
. ... 
important role as accessory cells in the induction of immunity , 
their inactivation may also lead to the depr e ssion of ma n y 
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, immunological responses. It is in teres ting to not e t h a t t h e 
c losely related ribosome-inactivating and abortifacient proteins 
TCS a and g-MMC do not affect the in vivo activation as well as , -
in vitro effector functions of NK cells (Leung et al. ,1986; Leung 
et al. ,1987). This implies that the modulation of lmmun e 
reactivities by such proteins lS not totally nonselective . 
Further experiments should be done to examine whether LFC affects 
the NK cell activities. 
Hith respect to the fact that many . . lmmunosuppreSSlve 
agents are generally cytotoxic to neoplastic cells, LFC was----also 
tested for the -cytotoxic and cytostatic effect against various 
tumor cells. Except that the PU5-l.8 cells were more sensitive 
to this protein, no direct cytotoxicity was observed amongst the 
other tumor cells. However, LFC showed definite cytostatic effect 
against various tumor cells of different origins. It appears that 
the protein exhibited selectivity against the cells, with PU5-1.8 
and JAR cells being more sensitive whereas MBL-2 and L929 cells 
less responsive. Rat hepatoma H35 cells were rather resistant to 
the cytostatic effect of LFC at lower concentrations of the 
proteins when compared to other tumor cells. 
It is worth noting that TCS, which has b e e n us e d as a 
positive control in the present study, showed similar potency and 
activity to that of LFC as an immunosuppressive and cytostatic 
agent. There are also many similarities In physicochemical 
properties betwe e n these t wo ribosome- ina c tivat ing and 
abortifaci e nt prot e ins. The mol e cular we ights of LFC a nd TCS are 
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, 28,000 and 24,000 respectively. Both are single polype p tid e 
chains containing no half-cystine. There 1S also a gro ss 
similarity in the amino acid compositions of these two proteins 
(Yeung et al. ,1991). Since the amino acid sequence of LFC has not 
been determined, no further information can be drawn to elucidate 
the conformation of this protein. In fact, many ribosome-
inactivating and abortifacient proteins isolated from the 
Cucurbitaceae family share many similarities ln both 
physicochemical and biological properties. 
Although the mechanism by which ribosome-inactivating 
and abortifacient proteins elicit immunosuppressive effect ln 
experimental animals is not by now fully understood, it is likely 
that this suppressive property is related, at least in part, to 
the protein synthesis inhibi tory activi ty of these proteins 
(Barbieri et al. ,1980). It was reported that LFC showed a higher 
inhibitory effect on protein synthesis in a cell-free system than 
that of TCS (Feng, 1988; Ng et al., 1989). Perhaps this may 
explain the slightly higher potency of suppression of LFC on some 
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